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SAMPLING AND QUALITY ASSURANCE PLAN
UPPER COLUMBIA RIVER EXPANDED SITE INSPECTION

MINES AND MILLS
NORTHEAST WASHINGTON

TDD: 01-02-0028

1. PROJECT MANAGEMENT

1.1 PROJECT/TASK ORGANIZATION

This section outlines the individuals directly involved with the Upper Columbia River Expanded

Site Inspection (ESI) mines and mills sampling and their specific responsibilities. Lines of

communication are shown in the Project Organization Chart (Figure 1-1).

1.1.1 Purpose

Pursuant to United States Environmental Protection Agency (EPA) Superfund Technical

Assessment and Response Team (START)-2 contract No. 68-SO-01-01 and Technical Direction

Document (TDD) No. 01-02-0028, Ecology and Environment, Inc. (E & E) will perform an ESI at the

Upper Columbia River properties located in northeast Washington. This ESI will be conducted through a

cooperative effort involving START contractor firms, E & E and Roy F. Weston, Inc. (Weston). Weston

will conduct sampling activities along the northern reach of the Upper Columbia River and a number of

its tributaries. E & E will investigate potential contaminant sources to the northern reach of the Upper

Columbia River. EPA has identified approximately 80 mines and mills to be visited and potentially

sampled (Table 1-1). Additional mines and mills to be visited and potentially sampled under this ESI

will be identified by EPA in an addendum to this Sampling and Quality Assurance Plan (SQAP).

Limited sampling will be conducted at mines and mills where potential contaminant source areas are

identified. This SQAP outlines the technical and analytical approaches that E & E will employ during

the ESI fieldwork.

This document is a combined Field Operations Work Plan (FOWP) and site-specific Quality

Assurance Project Plan (QAPP) for field sampling activities. The combined FOWP/QAPP, hereafter

called the SQAP, includes a brief project summary; project objectives; sampling and analytical

procedures; and QA requirements that will be used to obtain valid, representative field samples and

measurements. The SQAP is intended to be combined with information presented in E & E's Quality

Management Plan (QMP) for START-2, Region 10. A copy of the QMP is available in E & E's office
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located at 2101 4"1 Avenue, Suite 1900, Seattle, Washington, 98121. Standards contained in the SQAP

and QMP will be used to ensure the validity of data generated by E & E for this project. A copy of the

site-specific Health and Safety Plan (HSP) will be provided to each field team prior to initiation of

sample collection activities and will also be maintained in E & E's Seattle office.

1.1.2 Roles and Responsibilities

The following is a list of key personnel involved in this project, along with their roles and

responsibilities.

1.1.2.1 EPA Task Monitor (TM) for E & E

EPA TM Monica Tonel is the overall decision maker and coordinator of the mines and mills

sampling activities. The TM reviews and approves the site-specific SQAP and subsequent revisions in

terms of project scope, objectives, and schedules. Ensures implementation of site-specific SQAP. The

TM is the primary point of contact for general project problem resolution and has approving authority for

the project.

1.122 EPATMforWeston

EPA TM Mark Ader is responsible for providing technical direction and EPA oversight to

WESTON's investigation and sampling activities along the Upper Columbia River and selected

tributaries, scheduled for May and June 2001.

1.1.2.3 EPA, Region 10, Quality Assurance (QA) Officer

The EPA QA officer is responsible for reviewing and approving the site-specific SQAP and

revisions, and may also conduct assessments of field activities.

1.1.2.4 EPA, Region 10, Regional Sample Control Coordinator (RSCC)

The RSCC coordinates sample analyses performed through the EPA Contract Laboratory

Program (CLP) and/or the EPA, Region 10, Manchester Environmental Laboratory (MEL) and provides

sample identification numbers.
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1.1.2.5 E & E START-2 Project Manager (PM)

The START-2 PM provides overall coordination of fieldwork; provides oversight during

preparation of the site-specific SQAP; implements the final approved version of the site-specific SQAP;

records any deviations; serves as primary point of contact with the EPA TM; receives CLP/EPA, Region

10, laboratory information from the RSCC; serves as primary START-2 point of contact for any technical

problems; and is responsible for the execution of decisions and courses of action deemed appropriate by

the TM. In the absence of the START-2 PM, a START-2 alternate project manager will assume the

PM's responsibilities.

1.1.2.6 E & E START-2 QA Officer

The START-2 QA officer reviews and approves the site-specific SQAP, conducts in-house audits

of field operations, and is responsible for auditing and reviewing the field activities and final deliverables

and proposing corrective action for nonconformities if necessary.

1.1.2.7 E & E START-2 Program Manager and EPA Project Officer

Responsible for coordinating resources requested by the EPA TM and for the overall execution

of the START-2 program.

1.1.2.8 EPA Investigation and Engineering Unit

The EPA Investigation and Engineering Unit will provide a sampling vessel for sample

collection activities. The designated vessel operator is Mr. Doc Thompson.

1.1.2.9 United States Forest Service (USFS)

The USFS has agreed to provide personnel to assist in sample collection.

1.1.2.10 Environmental Services Assistance Team Field Analytical Support Project Team

The Environmental Services Assistance Team, Field Analytical Support Project (ESAT FASP)

Team will provide personnel to perform X-Ray Fluorescence (XRF) screening of potential sample

locations and to assist in sample collection.

1.1.2.11 MEL or Designated CLP Laboratory

MEL or the designated CLP laboratory will perform the analyses required for the project.
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12 PROBLEM DEFINITION/BACKGROUND

The EPA has identified approximately 80 mines and mills in northeast Washington to visit and

potentially sample in relation to the Upper Columbia River ESI. The field activities will be performed by

E & E pursuant to EPA START-2 Contract No. 68-SO-01-01 and TDD No. 01-02-0028. Five of the

80 mines and mills to be visited are currently listed on EPA's Comprehensive Environmental Response,

Compensation and Liability Information System (CERCLIS) database. CERCLIS is the database system

used by EPA to track its activities at potential hazardous waste sites. Those mines and mills currently

identified on the CERCLIS database include the Pend Oreille Mine, Last Chance Mine, Deep Creek

Mine, Van Stone Mine and the LeRoi Company Smelter. These sections present a summary of available

information discussing the background, operations and characteristics pertinent to the five

aforementioned mines and mills.

1.2.1 Pend Oreille Mine

Information presented in this section is based on a review of background information, interviews

with the property owner and representatives from various regulatory agencies.

1.2.1.1 Mine Location and Description

This section presents the Pend Oreille Mine location, description, and ownership history..

1.2.1.1.1 Pend Oreille Mine Location

Mine Name: Pend Oreille Mine

CERCLIS ID No.: WASFN1002160

Location: Metaline Falls, Pend Oreille County, Washington

Latitude: 48°52'54.12"N

Longitude: 117°2r35.89" W

Legal Description: Sections 10, 11, 14, and 15; Township 39N, Range 43E

Property Owner: Cominco American, Inc.
15918 East Euclid Avenue, P.O. Box 3087
Spokane, WA 99216

Mine Operator: Cominco American, Inc.
P.O. Box 7
1382 Pend Oreille Mine Road
Metaline Falls, WA 99153
(509)446-4516
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Property Contact: David Godlewski, Environmental Manager
Cominco American, Inc.
15918 East Euclid Avenue, P.O. Box 3087
Spokane, WA 99216
(509) 892-2584

1.2.1.1.2 Mine Description/Ownership History

/The Pend Oreille Mine is a lead, zinc, and silver mine in the Metaline mining district. It is

located about 2 miles north of the town of Metaline Falls and approximately 80 miles north of Spokane

in northeastern Washington State. The mine is about 11 miles south of the Canadian border and about

15 miles west of the Idaho border. The property is located within portions of Sections 10, 11, 14, and 15;

Township 39N; Range 43E (Figure 1-2; Ecology 2000a).

Ownership of the Pend Oreille Mine dates back to 1904, when L.P. Larsen began prospecting in

this location. In 1906, the Pend Oreille Mines & Metals Company was incorporated and L.P. Larsen

became the president (Lasmanis 1995). The Pend Oreille Mine was owned and operated by the Pend

Oreille Mines & Metals Company until 1974, when the Bunker Hill Company acquired the property and

operations. The Bunker Hill Company operated the mine and mill until September 1977, when the

property was acquired by the Pintlar Corporation (Pintlar), a wholly-owned subsidiary of the Gulf

Resources & Chemical Corporation (GRC). In 1988, the Resource Finance Corporation (RFC) obtained

an option-purchase agreement from Pintlar, de-watered the mine, and commissioned a feasibility study

for mining and milling the East Side Yellowhead deposit. In May 1990, RFC purchased the mine and

mill along with 13,000 acres of contiguous mineral holdings in the district (Ecology 2000a). In 1996,

Cominco American, Inc. (Cominco) acquired a portion of this property, including the Pend Oreille mine

and mill, from RFC (Ecology 2000a).

The Pend Oreille Mine property is included in the 580 acres of Cominco-owned or leased surface

lands (including mineral rights) and 980 additional acres of mineral rights in this area (Ecology 2000a).

The Pend Oreille Mine is bounded on the west by the Pend Oreille River, on the north and northeast

corner by Colville National Forest lands, on the east by privately-owned lands, and on the south by State

Route 31 and the Grandview Mine property (USGS 1992a, 1992b).

Existing Pend Oreille Mine facilities on the east side of the river include the mine office

building, maintenance shop/blacksmith shop/surface conveyor/portal, coarse and fine ore storage silos,

mill, assay office building, and storage facilities (Figures 1-3 and 1-4).
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The mine office building is a two-story reinforced concrete frame structure with concrete block

walls. The building has 5,500 square feet per floor. The lower floor is used for offices, accounting, and

lab facilities; the upper floor is used for storage, a training room, and two offices.

The maintenance shop/blacksmith shop is a 10,500-square foot, 30-foot-high, reinforced concrete

building with a flat roof. The conveyor that carries the ore to the coarse ore storage silo is an elevated,

steel-frame, integral truss structure supported on steel bents. The shop contains machinery, tools,

welding equipment, electrical equipment, lubricants, and chemicals.

Two coarse ore and three fine ore storage silos are on the mine property. The capacity of each

ore silo is approximately 1,000 tons.

The mill is a four-story concrete block building with steel interior framework. Mill equipment

includes three'primary head ball mills, two regrind ball mills, flotation cells, lead and zinc thickeners,

stock tanks, a water filter, and a concentrate storage area. The assay office building consists of a lower

story used for storage, and an upper story containing laboratory facilities.

Other buildings on the mine property include storage sheds; a powder magazine; a make-up

house; a car bam/carpenter shop; a core storage shed; a crusher building; an upper, main, and mill

substation; and a compressor house.

A waste rock pile from historic mining activities is located just southwest of the ore storage silos

and mine office. Three tailings disposal facilities (TDFs) from historic mining activities are located on

the mine property. The Metaline Falls Golf Course and Gun Club is also located within the property

boundary, just east of TDF No. 2 (TDF-2; Figure 1-4; Ecology 2000a).

1.2.1.2 Mine Operations and Source Characteristics

The Pend Oreille Mine was one of the earliest, largest, and most productive mines in the

Metaline mining district, accounting for over 50 percent of the lead and zinc production in the area

(Ecology 2000a).

Two ore horizons are present at the Pend Oreille Mine; the Josephine and the Yellowhead. The

Josephine Horizon is found in the upper 500 feet of the Metaline Limestone, about 1,600 feet below the

surface. The Yellowhead Horizon is beneath the Josephine Horizon and is generally found from

1,000 to 2,400 feet beneath the top of the Metaline Limestone (Ecology 2000a).

The primary method for extracting ore in the Metaline mining district, including the Pend Oreille

Mine, was underground mining. Historically, most ore extraction was from the Josephine Horizon,

which is exposed at the surface at Pend Oreille River. This horizon has been mostly mined out.
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Mining in the area by the Pend Oreille Mines & Metals Company was on a small scale during the

early years, beginning on the Josephine claim with near-surface deposits on the west side of Pend Oreille ^ \

River; mining continued here intermittently from 1904 until 1917 (Dings and Whitebread 1965). In

1917, a table concentration mill was constructed and operated for a few months, but was shut down

during World War I. There was little activity for the next 10 years.

In 1927, the old table mill was remodeled to a flotation plant which operated on surface ores at

150 tons per day for approximately six months. In 1928, Pend Oreille Mines & Metals Company began

additional deeper development of the area; a program of extensive diamond drilling from 1928 to 1930

disclosed promising ore bodies. With a 300-ton flotation mill completed in anticipation of treating this

ore, mining resumed in November 1930 and continued intermittently until 1937. The underground

workings were developed, with ore hauled to the surface through a network of track haulage drifts and

inclined shafts. In September 1937, a power plant on the Pend Oreille River was completed, the mill was

overhauled; and production was increased to approximately 600 tons per day (Lambly 1941; Zeigler

1949; Dings and Whitebread 1965).

Subsequent workings on the Josephine Horizon were conducted eastward and downward,

crossing under the river in the 1940s. Approximately 14.4 million tons of ore at 1.2 percent lead and

2.7 percent zinc were removed from this horizon between 1938 and 1977 (RFC 1993).

Mining of the Yellowhead Horizon on the east side of the river began in 1972 at about *;'( i

650 to 900 feet below the Josephine workings. Only 387,000 tons of ore containing 0.5 percent lead and

4.0 percent zinc were removed from this horizon prior to closure of the mine in 1977. Since 1977, there

have been no mining operations other than a development program (Lasmanis 1995; Godlewski 2000).

Prior to 1967, tailings from the milling operation-the finely ground sand and silt material

remaining after the target minerals have been separated during beneficiation-were disposed of directly

into the Pend Oreille River. Beneficiation includes those activities that serve to separate and concentrate

the mineral values from waste material, remove impurities, or prepare the ores for further refinement

(EPA 2000a). An estimated 3,000 tons of tailings were discharged to the Pend Oreille River each day of

milling operations in 1962 (Neale 1962). After 1967, three upland TDFs were used to dispose of the

tailings. TDF No. 1 (TDF-1), which is located 2,400 feet northeast of the mill and west of the Metaline

Falls Golf Course and Gun Club, covers approximately 24 acres. This facility was used from 1967

through 1974. TDF-2, which is located between the golf course and TDF-1, covers approximately

25 acres; this facility was used during 1974 and 1975. Tailings in these two TDFs are comprised of

material from the Josephine Horizon workings (Ecology 2000a).
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TDF No. 3 (TDF-3) is located south of the golf course and covers approximately 20 acres.

TDF-3 was operated from 1975 until the mine closed in 1977. The tailings in this facility are

approximately 40 feet deep at the deepest point and are comprised primarily of material from the

Yellowhead Horizon workings (Ecology 2000a). The Pend Oreille River is approximately 3,500 meters

west of TDF-3 (Figure 1-4).

Historically, waste rock-the waste material consisting of non-mineralized and low-grade

mineralized rock removed from, around, or within the orebody during extraction activities-was storedi

underground during early operations. From 1950 to 1977, waste rock from both the Josephine and

Yellowhead horizons, as well as Ledbetter Slate, was removed from the mine by conveyors from the

Josephine Horizon to the surface, and stored in the waste rock pile located 150 feet south and west of the

mill. Most of the waste rock has a low pyrite content and consists of carbonate material (limestone and

dolomite) removed from above and below the ore horizons that were mined. Some of the waste rock

brought to the surface was sold and used locally as road material or in construction from at least the

mid-1970s until the early 1990s (Ecology 2000a). The waste rock was used as a road construction base,

subbase, and surface material; for private driveways; as parking lot material at Gardner Cave State Park;

and as backfill by the county. The total amount of waste rock used for these purposes is unknown. The

waste rock pile currently consists of approximately 386,000 cubic yards of waste rock, and covers about

15 acres (Ecology 2000a).

Between 1977 and 1986, Bunker Hill Company, Pintlar, and GRC continued exploration in the

area and operated pumps to prevent flooding of the mine by underground water. The mine water was

discharged into the Pend Oreille River. The mine was allowed to flood between 1986 and 1988, at which

time development ceased (Ecology 2000a).

After purchasing the property in 1990, RFC submitted a proposal to the Washington State

Department of Ecology (Ecology) in 1992 to reopen the mine, and submitted a State Environmental

Policy Act (SEPA) checklist for the proposed project in February 1993. Ecology reviewed the SEPA

checklist and issued a "Determination of Non-Significance" in April 1993. RFC then submitted several

applications to Ecology to obtain permits required to reopen the mine. By 1994, RFC obtained four

permits (stormwater discharge, dam safety, septic system, and air quality) and was close to receiving two

others (National Pollutant Discharge Elimination System [NPDES] and waste discharge) when RFC

decided to cancel the project (Ecology 2000a). Cominco currently maintains the following permits:

NPDES, Waste Identification, Stormwater General, Ground Water, State Dangerous Waste Conditional

Exemption, and Dam Safety (Godlewski 2001).
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Hazardous waste from earlier mining operations and stored on the Pend Oreille Mine property

were removed from the property during RFC's tenure in 1992 (Ecology 2000a). These wastes included £* \

polychlorinated biphenyl (PCB) oil-cooled transformers and capacitors, as well as soils containing PCBs

(Ecology 2000a). The data reviewed did not specify waste quantities or disposal locations. Oil,

lubricants, light fuels, antifreeze, and herbicides are reportedly the only hazardous materials currently

stored on the property. The materials are stored in a shed located between the administrative office and

the machine shop.

Cominco acquired the property in 1996, and submitted the document "Statement of Proposal

Pend Oreille Mine, Pend Oreille County, Washington" to Ecology on January 29, 1998, in order to

reopen the mine. Based on the proposal, Ecology determined that an Environmental Impact Statement

(EIS) would be required before the mine could be reopened (Ecology 2000a).

Draft and final EIS's have been produced by Cominco regarding reopening the mine. Cominco is

currently drafting an engineering plan for the tailings disposal facility. Cominco plans to open the mine

within a few of years; Cominco will have to apply for another NPDES permit before opening. Cominco

is currently performing construction activities but lead and zinc mining has not been approved. (Hallinan

2001)

1.2.1.3 Mine Area Characterization

This section summarizes previous investigations (Section 1.2.1.3.1), discusses migration/

exposure pathways and targets (Section 1.2.1.3.2), and describes areas of potential contamination

(Section 1.2.1.3.3).

1.2.1.3.1 Previous Investigations

Cominco has proposed reopening the Pend Oreille Mine. Proposed activities include extracting

ore-bearing rock from underground mine workings and transporting the ore to the surface via the existing

conveyor system. Zinc and lead-bearing concentrates would be recovered at the existing on-site mill,

with the metal-bearing concentrates shipped by truck to the Cominco Ltd. Smelter in Trail, British

Columbia. As required for major actions significantly affecting the quality of the environment

(Washington Administrative Code [WAC] 197-11-330) or for any proposed metal mining and milling

operation in Washington State (Revised Code of Washington [RCW] 78.56.050), Cominco prepared an

EIS document which was issued in draft form on February 24, 2000, and finalized in July 2000. The EIS

documents the process used to analyze the Proposed Action, alternatives to the Proposed Action,
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environmental impacts, and mitigation measures with regards to extracting ore-bearing rock from

underground mine workings and transporting the ore by truck to the Cominco Ltd. Smelter in Trail,

British Columbia.

As part of preparing the EIS, testing programs were implemented by Cominco and its consultants

to evaluate waste rock and tailings. The following tests were performed on both waste steams:

• EPA toxicity characteristic leaching procedure for Resource Conservation and Recovery
Act metals which include arsenic, barium, cadmium, chromium, lead, mercury, selenium,
and silver;

• Synthetic precipitate leaching procedure;

• Static acute fish toxicity test;

• Whole rock radionuclide analysis;

• Static acid-base accounting;

• Humidity cell test;

• Sub-aqueous column leach test; and

• Tailings liquid analysis.

The results are summarized in the EIS (Ecology 2000a).

The START conducted a visit to the mine on May 18, 2000. The START was accompanied by

David Godlewski, the Cominco environmental manager. The mine was accessed by a gravel road off

State Route 31, where a gate is open during work hours but closed in the evening to ward off trespassers.

The START observed several formerly active buildings previously described and noted one portal on the

mine property. Additionally, a waste rock dump area was observed about 150 feet south and west of the

mill. No liquid was observed discharging from the waste rock pile. Cominco reported that they currently

use the waste rock on roads around the mine and mill (Godlewski 2000). The waste rock pile currently

consists of approximately 386,000 cubic yards of waste rock, and covers about 15 acres (Ecology 2000a).

Three tailings disposal facilities (TDF-1, TDF-2, and TDF-3) were observed. There are no

containments or berms at any of the tailings disposal facilities. Cominco personnel noted that the TDFs

are located approximately 50 feet above groundwater (E & E 2000).

The tailings disposal facility (TDF-1) was reportedly seeded and fertilized by a previous owner,

Bunker Hill Company, and is currently covered with vegetation. In the spring of 1998, Cominco

installed peripheral trenches along the eastern boundary of the facility to divert water around TDF-1 and

to allow the tailings materials to dry. A pool, which is used by bats and other wildlife, has developed

10:START-2\01020028\S643 1-10



along a portion of the ditch and may form wetland habitat in the future; however, the peripheral trench

has reduced much of the water that flows onto TDF-1 and it is likely that most of the wetland habitat f \

associated with TDF-1 will revert to more upland habitat over time (Ecology 2000a). The START

estimated the flow rate of the drainage from peripheral trenches into the Pend Oreille River to be

approximately 50 gallons per minute (gpm). The maximum tailings depth is estimated at 62 feet, and the

volume is estimated at 1,149,721 cubic yards (E & E 2000; Godlewski 2000).

TDF-2 was also seeded and fertilized by the Bunker Hill Company. At the time of the START

visit, only half of the TDF-2 area was covered with vegetation, while the other half was covered in tire

tracks from suspected recreational use of 4x4 vehicles or motor bikes. The maximum depth is estimated

at 20 feet and the volume is estimated at 300,000 cubic yards (Godlewski 2000).

TDF-3 covers approximately 20 acres south of the golf course and was fenced to ward off

unauthorized recreational use of the property. The Pend Oreille River is approximately 3,500 meters

west of TDF-3, which was apparently never reclaimed or seeded and presently does not support

vegetation. There was no surface drainage noted. The maximum depth is estimated at 40 feet. The

volume is estimated at 1,290,770 cubic yards.

The START observed wetlands, springs, seeps, and creeks associated with the mine property.

There was no evidence of tailings or waste rock deposition in the wetlands, seeps, or creeks. Prior to
($j*

1967, the tailings were deposited directly into the Pend Oreille River (Ecology 2000a). *«. i

At TDF-2 and TDF-3, the START observed animal tracks and feces as well as tire tracks that

appeared to be from 4x4 vehicles or motor bikes. No stressed vegetation or discoloration was noted by

the START.

During the visit, the START observed two 10- by 10-foot plastic storage tanks leaking on the

ground adjacent to the south side of the mill. There appeared to be a plastic secondary containment, with

approximately 4 inches of blue-green standing water. The soil was stained a blue-green copper color.

1.2.1.3.2 Groundwater and Surface Water Migration Pathway and Targets

This section discusses the groundwater and surface water migration pathway and potential

targets within the mine's range of influence. The groundwater migration, soil exposure, and air

migration pathways are not being evaluated in this ESI (Figures 1-5 and 1-6). The groundwater

migration pathway for the Pend Oreille Mine is included in the SQAP based on the sampling scheduled

at the well and adit at the mine.
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1.2.13.2.1 Groundwater Migration Pathway and Targets

The Pend Oreille Mine is underlain by Metaline Limestone, which is overlain by Ledbetter Slate.

On the surface above the mine workings, a very large part of the Ledbetter and some of the Metaline is

concealed beneath Quaternary lake deposits that range in thickness from a thin veneer to 200 feet or

more. This glacial covering is especially extensive east of Pend Oreille River. Most of the carbonate

rock is medium-to-dark-gray crystalline dolomite, commonly having a medium- to coarse-grained texture,

but some very fine-grained, gray limestone is exposed at many places in both the eastern and western

mine workings. Some dolomite is creamy, light gray, or black, and locally the grain size is very fine

(Ecology 2000a).

The uppermost 25 feet of the Metaline commonly contains irregular zones of dark-gray to black

crystalline limestone, although at other places all rock in this position is dark crystalline dolomite. Black

shaley partings and some shale lenses a few inches thick are locally present in these upper rocks. At

many places altered rock is in the form of irregularly-shaped masses of dolomite breccia that range

widely in size and grade imperceptibly into non-brecciated dolomite. As a very general statement it can

be said that the uppermost 150 feet of Metaline Limestone in the Pend Oreille mine area is crystalline

dolomite that overlies gray limestone, although at places gray massive limestone is found 50 feet or less

below the slate (Ecology 2000a).

Groundwater at the Pend Oreille Mine occurs within both the Paleozoic bedrock formations and

the overlying glaciofluvial and glaciolacustrine sediments. Ar. assessment of groundwater flow at the

Pend Oreille Mine was based on studies of groundwater in the mine and monitoring wells

(Ecology 2000a). The Paleozoic bedrock is composed of carbonate reef deposit sediments.

Underground mine workings are in the Paleozoic bedrock. Because underground mine

development has occurred primarily in carbonate rocks that are part of the bedrock, groundwater seeps

are found throughout the mine below the water table. The mine workings are below the level of Pend

Oreille River, allowing for seepage into the mine by both upgradient groundwater from the highlands and

from the river.

Currently, all water from the Josephine Horizon flows through ditches and natural fissures, or is

pumped to a sump located near the 900-foot level of the mine. The total flow measured from these

sources is approximately 80 gpm. Water from the Yellowhead Horizon is directed to one of two sumps

(the 440-foot level sump or the 700-foot level sump), and is then pumped to the sump located near the

900-foot level of the mine. Total flow from these two sumps is approximately 220 gpm (Ecology 2000a).
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Water from the sump located near the 900-foot level of the mine is pumped to the 1,700-foot

level sump, which is then pumped directly into Pend Oreille River (probable point of entry [PPE] 1).

Monitoring well water levels indicate that the groundwater beneath TDF-3 flows from south to

north beneath TDF-3 and then flows to the northwest to Pend Oreille River. The groundwater gradient

beneath TDF-3 is about 0.02 foot of elevation/distance. The groundwater is principally within the glacial

alluvial sediments but can be found in some monitoring wells at the interface between the bedrock and

the glacial alluvium. The aquifer beneath the tailings facility is probably unconfmed based on Ecology

studies (Ecology 2000a).

Information regarding net precipitation in the immediate area of the Pend Oreille Mine is not

available. The annual net precipitation factor value reported for Metaline Falls is 27.38 inches

(WRCC 2000a).

A domestic water supply exists for workers at the mine and mill; its origin is from a well located

approximately 1,000 feet southwest of the main office building. It is also possible that well water quality

is influenced by seepage from the adjacent waste rock pile (Ecology 2000a). The mine is apparently not

located within 1 mile of any sole-source aquifer areas. There are no documented Washington public

groundwater supply wells within 4 miles and there is no data available regarding the presence of public

surface water supplies within the Target Distance Limit (TDL; Ecology 2000a). The mine is not

expected to be in a wellhead protection area.

1.2.1.3.2.2 Surface Water Migration Pathway

Surface water resources in the-vicinity of the Pend Oreille Mine include the Pend Oreille River,

creeks that transect the mineralized areas of the Metaline District and provide water to the river, and

lakes that are usually found within the glacial sediments and are frequently associated with wetlands.

Boundary Dam was constructed across the Pend Oreille River at the United States-Canada border in

1967, causing the Pend Oreille River to back up behind the dam and create Boundary Reservoir. The

average water level in the reservoir near the mine is at an elevation of 1,990 feet (Ecology 2000a).

Surface water from hill slopes to the east of the Pend Oreille Mine flows in a westerly direction

to the Pend Oreille River. The Pend Oreille River is part of a drainage system that includes parts of

Montana, Idaho, Washington, and Canada. The upper reach of the river in Montana is known as Clark

Fork, which drains into Idaho and enters Lake Pend Oreille. Pend Oreille River exits the lake and flows

into Washington State at Newport.
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High river flows occur in May and June during peak snowmelt runoff. The lowest flows occur

between July and November. Average annual flow at Newport, Washington, is 25,500 cubic feet per

second (cfs). The average July through November flow is 19,100 cfs and the seven-day low flow with a

recurrence interval of once every 10 years is 4,500 cfs (Ecology 2000a).

Surface water flows are generated from precipitation in the form of rainfall or snowfall and at

locations where groundwater is exposed at the surface. Precipitation at the Pend Oreille Mine averages

27.38 inches annually. The two-year, 24-hour rainfall event for the Pend Oreille Mine area is 2 inches

(WRCC 2000a). The drainage area for the waste rock pile at the mine is estimated to be 11.235 acres

(USGS 1992a, 1992b).

The Pend Oreille Mine is located within the Metaline Falls watershed. The watershed covers

approximately 11,585 acres and is primarily drained by Threemile Creek, which flows year-round and

eventually cascades into the Pend Oreille River. Elevations within the watershed range from 1,990 feet

at the Pend Oreille River to 6,830 feet in the mountains (Ecology 2000a).

Several creeks transect the mine area. Threemile Creek, which flows year-round and has flow

rates of a few hundred gallons per minute or higher depending on the time of year, is located near the

northern border of the mine and adjacent to United States Forest Service (USFS)-managed lands

(Figure 1-4). Threemile Creek is primarily confined to a single channel along most of its length within

the mine area, and forms a large forested wetland used by beavers near the northeastern boundary of the

mine (Ecology 2000a).

Two creeks are found near TDF-1. It is unknown if the flow in these creeks is perennial or

intermittent. One creek (Creek 1) originates to the east of the mine, near the golf course. Water flows

within a well-defined channel along most of its length during most of the year and empties into the Pend

Oreille River (Ecology 2000a).

Two seep areas are located near TDF-2 and TDF-3. The water in these seeps appears to originate

from hill slopes and from TDF-2. This seepage is collected in diversion channels and routed around and

to the base of TDF-1, where it meets with natural seepage. This water then flows downslope (Creek 2)

and drains into the Pend Oreille River (PPE 2). Surface water runoff from TDF-1 and TDF-2 drains into

installed diversion ditches which drain into the Pend Oreille River (Ecology 2000a).

A third unnamed creek (Creek 3) originates off the property east of the 9th/18th fairway of the

Metaline Falls Golf Course. It is unknown if the flow in this creek is perennial or intermittent. It flows

approximately 160 feet through a wetland on the edge of the fairway,'and for an additional 150 feet on

the fairway before flowing underground (Ecology 2000a).
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Frog Creek originates approximately 900 feet downslope from TDF-3 as a groundwater spring

and seep. Frog Creek derives its water from groundwater flowing beneath the kettle basin that holds

TDF-3 and from precipitation; it has a perennial flow. Initially, water from the spring flows into several

channels, which then join into a single channel approximately 400 feet downstream from the source.

This channel flows downhill until it intersects an access road that leads to TDF-1, then flows northerly

along this road, and then westerly under the road into a small pond. The flow rate is estimated by

Ecology to be 40 gpm. The creek flows from the pond in a northwesterly direction until surface flow

terminates approximately 100 feet downslope from the pond. The creek resurfaces approximately 50 feet

downslope from the southern mine access road that parallels the Pend Oreille River. The water collects

into two channels and eventually flows into the Pend Oreille River (Ecology 2000a).

Several other creeks are near the mine property. It is unknown if the flow in these creeks are

perennial or intermittent. On the east side of the Pend Oreille River, Lime Creek and Slate Creek are

found to the north, and Sullivan Creek to the south of the mine. Flume and Beaver creeks are important

tributaries of the Pend Oreille River that drain into the river from the west and are also near the mine

(PPE 3 from the confluence of Flume Creek to the Pend Oreille River). Surface water runoff from the

staged waste rock may drain by sheet flow into Flume Creek which drains into the Pend Oreille River.

Since 1992, Cominco has routinely sampled water quality at eight locations, including Sullivan, Flume,

Threemile, and Frog Creeks and the Pend Oreille Reservoir upstream and downstream from the mine

(Ecology 2000a).

Each of the PPEs described in this report are located along the Pend Oreille River.

Approximately 8 miles of the 15-mile TDL are on the Pend Oreille River between the PPEs at the mine

and Boundary Dam; 1 mile covers the final section of the Pend Oreille River from Boundary Dam to the

Canadian border; and the remaining 6 miles are on the Pend Oreille River in Canada.

Within the 15-mile TDL, it is estimated that 0.043 mile of linear wetland is present. In addition,

wetlands were identified by Ecology at five locations on the property (Figure 1-4). These include natural

wetlands associated with Threemile Creek, Metaline Falls Golf Course and Gun Club, Frog Creek, and

two artificially created wetlands associated with TDF-1. The Threemile Creek wetland is located along

Threemile Creek, near the northeastern corner of the mine. It covers approximately 1.5 acres and is

comprised of forested and emergent wetland habitat types. Beavers have constructed three dams near the

outlet of the wetland, creating a pooled area that is several feet deep. One dam that is in disrepair and

two newer beaver-maintained dams block Threemile Creek and provide aquatic bed and emergent

wetland habitat for beaver and other wildlife. A beaver lodge is located near the outlet of the wetland
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and is constructed of beaver cuttings and soil. Duckweed covers portions of the open water areas, while

sedges dominate more shallow areas. Western red cedar and western hemlock (up to 24 inches in

diameter at breast height), as well as willow, comprise the edges of the wetland; red osier dogwood is

also common along the edges (Ecology 2000a).

Two wetlands are associated with TDF-1. One artificially-created wetland is found along the

eastern side of the tailings facility and the base of the adjacent hill slope, and has developed from tailings

saturated by runoff from the adjacent hill slope and TDF-2. The wetland covers approximately 2 acres

and contains sedges, smartweeds, cat-tails, and scattered willows. In the spring of 1998, Cominco

installed peripheral trenches along the eastern boundary of the facility to divert water around TDF-1 and

to allow the tailings materials to dry (Ecology 2000a).

A second, small (0.01 acre) wetland is associated with runoff that used to flow to this area from

the base of TDF-1, and from water that has collected in the peripheral ditches on the upslope side of

TDF-1 and routed around the tailings facility to the base of the facility. Water draining from the base of

the facility used to flow down to an old logging road, through a culvert, and under the mine road located

adjacent to the Pend Oreille River. The small wetland developed near the intersection of these two roads.

Water is currently being diverted into a new channel and no longer flows into this wetland (Ecology

2000a).

A small (0.01 acre) wetland is found between TDF-1 and TDF-2, at the base of the TDF-2

embankment. Natural seepage and seepage from TDF-2 supply water to this wetland (Ecology 2000a).

A wetland is associated with Creek 3 which flows onto the mine property along the eastern

boundary of the area and near the 9th/18th fairway on the golf course. The creek originates near State

Route 31 and is approximately 160 feet in length from the property boundary to the edge of the golf

course fairway. The wetland is approximately 30 feet wide in the vicinity of the creek, resulting in a total

wetland acreage of approximately 0.1 acre. The wetland is dominated by nearly complete herbaceous

cover of small-fruited bulrush and smartweed; shrubs consisting of willow, thimbleberry, vine maple,

currant, and dogwood; and trees comprised of cottonwood, paper birch, and red alder. The creek

continues along the fairway for another 150 feet before flowing underground. The creek is bordered by

mowed grasses on the fairway (Ecology 2000a).

Springs and seeps located approximately 900 feet downslope from TDF-3 are the source of most

of the water for Frog Creek and associated wetlands. Most of the wetland area is associated with the

upper portions of the creek, and comprises approximately 1.5 acres (Ecology 2000a).
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One fish species present in the Pend Oreille Mine area has been listed as threatened by the

Columbia River basin distinct population segment, was listed as a threatened species by the United States

Fish and Wildlife Service on June 10, 1998. Two bird species present in the Pend Oreille Mine area have

been listed as threatened or endangered by the state or federal government. The bald eagle (Haliaeetus

leucocephalus; a Federal listed threatened species) inhabits areas along the shores of saltwater and

freshwater lakes and rivers and typically nests in mature or old growth trees. An active bald eagle nest is

located a few miles upstream from the mine along the Pend Oreille River near Sand Creek. The

American peregrine falcon (Falco peregrinus anatum; a state listed endangered species) typically lives

along mountain ranges, river valleys, and coastlines. Peregrine falcons may occasionally fly along the

Pend Oreille River near the mine (Ecology 2000a).

Five mammal species in the Pend Oreille Mine area have been listed as threatened or endangered

by the state or federal government. Gray wolves (Canis lupus; a Federal listed endangered species) have

been sighted and confirmed in the Colville National Forest, although these are likely lone dispersing

wolves. Camera surveillance has not detected wolves, and no systematic surveys for wolves have been

conducted. Grizzly bears (Ursus arctos; a Federal listed threatened and state listed endangered species)

are present throughout the Colville National Forest, although the number of bears is lower near Lake

Sullivan and the mine. A grizzly bear den has been found on the Colville National Forest, east of the

mine near the Idaho border, and grizzly bears have been radio-located on both sides of the Pend Oreille

River. The mine is adjacent to a designated grizzly bear recovery area, which begins east of State Route

31. The North American (Canada) lynx (Lynx canadensis; a proposed Federal listed threatened state

listed threatened species) may travel through the mine area; tracks of a lynx were found in the Slate

Creek drainage in 1978. The Pacific fisher (Manes pennanti pacifica; a Federal listed species of concern

and state listed endangered species) is a large, weasel-like animal. There have been unconfirmed

sightings in the mine area, and it is believed that the fisher may be present around Sullivan and Slate

creeks, as well as Sullivan Lake. The woodland (mountain) caribou (Rangifer tarandus caribou; a

Federal and state listed endangered species) could potentially enter the mine area, but all woodland

caribou that have been previously sighted on the mine area were transplanted animals that had been

released nearby and were returning to the release site. There is a woodland caribou recovery area which

includes mostly wilderness area east of the mine, within 25 miles south of the United States-Canada

border, and further east into Idaho (Ecology 2000a).
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1.2.2 Last Chance Mine

Information presented in this section is based on a review of background information, interviews

with the property owner and representatives from various regulatory agencies.

1.2.2.1 Mine Location and Description

This section presents the Last Chance Mine location, description, and ownership history.

1.2.2.1.1 Last Chance Mine Location

Mine Name:

CERCLIS ID No.:

Location:

Latitude:

Longitude:

Legal Description:

Property Owner:

Property Contact:

Last Chance Mine

WASFN1002162

Stevens County, Washington

48°51'59.52" N

117041'56.39" W

Section 24, Township 39N, Range 40E, Willamette Meridian

Vaagen Brothers Lumber Company
565 W 5th

Colville,WA99114

Mr. Mick Vaagen, Owner
565 W 5*
Colville,WA99114
(509) 684-5242

1.2.2.1.2 Mine Description/Ownership History

The Last Chance Mine is an inactive underground silver, lead, and zinc mine located east of

Deep Creek, in Section 24, Township 39N, and Range 40E in Stevens County, Washington (Figure 1-7).

The mine is located approximately 5 miles southeast of Northport, Washington. From Northport, the

mine is accessed via Colville-Aladdin Northport Road, which runs on the west side of the mine property

(Figure 1-8).

During a visit to the mine on May 4, 2000, the START observed a former 60-ton per day gravity

flotation mill, a former house or office, and two shafts and one adit approximately 0.25 mile upgradient

from the mill. Additionally, there was a large tailings pile surrounding the mill and two waste rock

deposits below the adit and shafts. The tailings pile was estimated to be 7,000 cubic yards in volume,

and the waste rock deposits were estimated to be 7,300 cubic yards and 125 cubic yards in volume,
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respectively. Besides the flotation mill, no other mill equipment remains on the mine property (Huntting

.1956).

The mine is currently owned by Vaagen Brothers Lumber Company. Previous owners include

the Juniper Lead Company, which owned the mine from 1907 to 1926. Reports indicate that in the

period of 1938 the property was owned by Mrs. A. Baker, the widow of owner Al Baker. Last Chance

Consolidated Mines, Inc. owned the mine from 1948 to an undetermined date (Huntting 1956).

Additional information regarding previous ownership history is not available.

1.2.2.2 Mine Operations and Source Characteristics

The mine was operated from approximately 1904 to 1954, when the mine was shut down

(Huntting 1956). The construction of the flotation mill is reported to have begun in 1940. Mine tailings

were created as a result of the milling process. No information is available about the chemical processes

used at the mill, but it is assumed that mercury amalgamation and/or cyanide leaching processes were

used. Contaminants of concern at the'mine include heavy metals and acid mine drainage discharging into

Deep Creek from the tailings and adit. It is estimated that approximately 7,000 cubic yards of tailings

and 7,425 cubic yards of waste rock are present on the mine property.

1.2.23 Mine Area Characterization ™i \

This section summarizes previous investigations (Section 1.2.2.3.1), and discusses migration/

exposure pathways and targets (Section 1.2.2.3.2).

1.2.2.3.1 Previous Investigations

The START conducted visit to the mine on May 4, 2000. Mr. Vaagen, the property owner, was

not present during the visit. The START was accompanied by a Colville Tribe representative, Patti

Stone, and its environmental consultant from Fulcrum Environmental Consulting, Inc. The START

observed a former mill building. Two shafts and one adit were approximately 0.25 mile upgradient from

the mill (Figure 1-9). Additionally, there was a large tailings pile surrounding the mill and two waste

rock deposits below the adit and shafts. The tailings pile was estimated to be approximately 7,000 cubic

yards in volume, and the waste rock deposits were estimated to be 7,300 cubic yards and 125 cubic yards

in volume, respectively. An unnamed creek was observed to run through the middle of the tailings pile

for approximately 600 feet. Upstream, a side channel of the unnamed creek also was observed to run

through the smaller waste rock pile for approximately 50 feet. The creek water flowing through both
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piles did not appear discolored, showed no signs of a precipitate, and did not show evidence of an

overabundance of algal growth.

The tailings in the vicinity of the mill appeared to be smaller grained the further downgradient

they were deposited from the mill. This may be due to the processing of the ore as it proceeded through

the mill. The mill building itself was severely dilapidated, with few remaining walls and the roof

structure leaning down to the ground. The foundation of the mill is multi-leveled to accommodate

different steps of the milling process. The existence of electrical conduit and junction boxes indicate that

there had been some form of electricity on the mine property. Inside the mill building the START

observed a small pile of white powder on the ground, approximately 1 cubic yard in volume. The mill is

approximately 10 yards from the unnamed creek. It is unknown if the flow in this creek is perennial or

intermittent.

From the mill, the adit and the shafts are approximately 0.25 mile upslope along the unnamed

creek. Along the slope, between the mill and the adit, there is evidence of mining activity, such as ore

buckets and rail tracks. Water was observed flowing from the adit at an estimated rate of 60 gpm. The

discharge was not discolored and showed no signs of a precipitate on the wet surfaces. Approximately

3 feet to the south of the adit discharge point there was an area of ponded water that contained an

abundance of long fibrous algal growth, which can be indicative of a low pH.

There are two shafts, one located to the north of the unnamed creek and the other located to the

south. A dilapidated wooden building was observed on top ^ ihe north shaft, which was not further

investigated due to safety reasons. The START did not observe any discharge from this shaft. No water

was discharging from the south shaft, but a flowing seep was observed approximately 15 feet

downgradient of the shaft. This seep is most likely hydrologically influenced by the unnamed creek,

which flows approximately 6 feet north of it. The creek forms many channels in this area. In one of the

channels, tadpoles were observed by the START.

In the vicinity of the north shaft there is an abandoned road that appears to have been used for the

transport of waste rock from the shafts and adit to a dump site. The waste rock was dumped downhill

from this road. The waste rock pile created by this dumping was observed by the START to be

approximately 0.25 mile long and 25 yards wide. The START did not observe any water discharging

from the waste rock or evidence of former water runoff or discharge. The START also observed cow

dung on the property, indicating that grazing has occurred on the mine property.

The START observed that the unnamed creek infiltrates the ground approximately 20 yards

upgradient from the Colville-Aladdin Northport Road. There was evidence of channels where this creek,
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during periods of high flow, has flowed into a drainage ditch along the east side of the road. This

drainage ditch flows south, approximately 100 yards to a culvert, which directs the flow beneath the road

and discharges it into a field. Once the flow reaches the field, it either infiltrates the ground or

discharges to Deep Creek by sheet flow.

1.2.2.3.2 Surface Water Migration Pathway and Targets

This section discusses the surface water migration pathway and potential targets within the

mine's range of influence. The groundwater migration, soil exposure, and air migration pathways are not

being evaluated in this ESI (Figures 1-10 and 1-11).

Surface water from the adit drains overland for approximately 20 feet to the southwest where it

discharges into the unnamed creek (PPE 1) (Figure 1-9). The discharge rate of the adit is estimated at

60 gpm. From this point, the unnamed creek flows to the west for approximately 0.25 mile until it

reaches the tailings pile at the mill. The unnamed creek flows through the tailings pile for approximately

200 yards (PPE 2) and then continues to the west, toward Deep Creek. The unnamed creek flows for

approximately 0.1 mile from the bottom of the tailings pile into a field where it infiltrates the ground

approximately 20 yards upgradient from the road. The START observed dry channels where the creek

flows, during high water, to a drainage ditch along the road. Observations show that the water would

then flow for approximately 100 yards to a culvert which diverts the water beneath the road into the

above-mentioned field. From the field, surface water is expected to flow by sheet flow approximately

0.1 mile into Deep Creek. From PPE 2, the 15-mile TDL extends approximately 0.2 mile along the

unnamed creek to its confluence with Deep Creek, and from Deep Creek approximately 6.5 miles to its

confluence with the Columbia River. The remaining 8.3 miles of the TDL is along the Columbia River.

The mean annual precipitation at Northport for 1920 through 1999 is 19.46 inches

(WRCC 2000b). The two-year, 24-hour rainfall event for the mine area is 1.6 inches (WRCC 2000c). It

is expected that the mine lies outside of a floodplaih. As stated previously, the area consists of

Waits-Rock outcrop complex type soils. This soil is a loam with moderate permeability, rapid runoff,

and a high hazard of water erosion (USDA 1982). The upland drainage area of the mine is estimated

from a topographic map to be 290 acres (USGS 1992c).

There are 10 surface water intakes within the 15-mile TDL of the mine. Nine of these are private

domestic intakes and one is a municipal intake for the City of Northport (Ecology 2000b). The nine

domestic intakes are estimated to serve 25 people. This number is based on the average number of

persons per household for Stevens County, which is 2.73 (USBC 1990). The closest domestic intake is
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located 1.1 miles from the mine. The municipal intake at Northport serves 460 people (EPA 2000b).

Surface water is used within the TDL for irrigation of commercial food or forage crops and watering of

commercial livestock (Ecology 2000b).

Flow rate data for the unnamed creek and Deep Creek are not available; however, based on

visual observations during the START visit, the flow for the unnamed creek was estimated to be less than

1 cfs, and the flow for Deep Creek was estimated to be approximately 187 cfs. The average annual flow

rate for the Columbia River, measured at Northport, Washington, is 103,340 cfs (USGS 1998).

No known commercial fisheries exist within the unnamed creek, Deep Creek, or the Columbia

River within the 15-mile TDL. Sport fishing occurs along Deep Creek and the Columbia River and

subsistence fishing occurs on the Columbia River. Fish catch data is not available for Deep Creek. Sport

catch data for the 13.5- to 15-mile section of the TDL on the Columbia River has been estimated at

49.5 pounds of kokanee salmon, 16.6 pounds of rainbow trout, 8.4 pounds of walleye, 4.75 pounds of

smallmouth bass, and 7.53 pounds of yellow perch (DOE 1996). Sturgeon have also been caught in this

area, but no data is available for this species. Additional sport catch data for the remainder of the

15-mile TDL in the Columbia River is not available.

The bull trout (Salvelinus confluentus), a Federal listed threatened species, is known to be

present within the 15-mile TDL in the Columbia River (Vail 2000). There are two reported nesting areas

for bald eagles (Haliaeetus leucocephalus), a Federal listed threatened species, along the Columbia River

approximately 1 mile upstream of its confluence with Deep Creek (WDFW 2000). It is assumed that

these eagles will utilize portions of the 15-mile TDL for feeding purposes although their nests lie outside

the TDL for Last Chance Mine.

It is estimated from National Wetlands Inventory (NWI) Maps that 3.2 linear miles of wetlands

exist along Deep Creek within the 15-mile TDL of the mine (USFWS 1994). The Coulee Dam National

Recreation Area is within the site's 15-mile TDL (USGS 1992d).

1.2.3 Deep Creek Mine

Information presented in this section is based on a review of background information, interviews

with the property owner and representatives from various regulatory agencies.
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1.2.3.1 Mine Location and Description

This section presents the Deep Creek Mine location, description, and ownership history.

1.2.3.1.1 Deep Creek Mine Location

Mine Name: Deep Creek Mine

CERCLIS ID No,: WASFN1002161

Location: Stevens County, Washington

Latitude: 48°51'48.9"N

Longitude: 117°42'54.4" W

Legal Description: Sections 22, 23, and 26; Township 39N, Range 40E

Property Owner: Richmond Family Trust
3041 Aladdin Road
Northport, WA 99114

Property Contact: Terry Richmond
3041 Aladdin Road
Northport, WA 99114
(509)732-1305

1.2.3.1.2 Mine Description/Ownership History

The Deep Creek Mine is an underground, inactive silver, lead, and zinc mine located west of ^ \

Deep Creek, in Sections 22, 23, and 26, Township 39N, and Range 40E (Figure 1-12). The mine is

located approximately 7 miles south of Northport, Washington, in Stevens County. From Northport the

mine is accessed via the Colville-Aladdin Northport Road, which runs on the east side of the property

(Figure 1-13).

The mine is currently owned by the Richmond Family Trust. Previous owners include the

Northport Mining Company (1919-1921); Anaconda Copper Mining Company (1926-1941); Western

Knapp Engineering Company (1941-1944); Jamison-Higginbotham Partnership (1944-1947); Goldfields

Consolidated Mines (1947-1964); American Zinc Company (1964-1971); Columbia Resources, Inc.

(1971-1979); and Great Basins Petroleum, Inc. from 1979 to the current owner, the Richmond Family

Trust (Waddell 1962; McGinn 1979). No information was found regarding other periods of ownership.

1.2.3.2 Mine Operations and Source Characteristics

The mine was operated from approximately 1944 to 1956, when the mine was shut down

(Waddell 1962). Details of mining operations prior to 1944 are not available. The maximum depth of
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development was to 850 feet below ground surface. According to tabulations in 1958, the following

quantities of metals were obtained from a total ore production of 763,307 tons (the following amounts are

rounded to two significant figures): 66,000,000 pounds of zinc, 15,000,000 pounds of lead,

24,000 pounds of copper, 36,000 ounces of silver, and 69 ounces of gold (Fulkerson and Kingston 1958).

The mine was closed in 1956 due to a combination of factors including a shaft fire, rising mining costs,

and declining metal prices (Fulkerson and Kingston 1958). Following the closure, the headframe,

hoisting, pumping, and other machinery were removed, and the mine was allowed to flood to within

several feet of the shaft collar. Contaminants of concern include heavy metals in the water contained in

the mine.

1.2.3.3 Mine Area Characterization

This section summarizes previous investigations (Section 1.2.3.3.1), and discusses migration/

exposure pathways and targets (Section 1.2.3.3.2).

1.2.3.3.1 Previous Investigations

The START conducted a visit to the mine on May 4, 2000. The START observed one shaft and

one adit adjacent to the shaft; evidence of five mine buildings on the mine property (including an assay

lab, a pump house, and other collapsed unidentified buildings); Mr. Richmond's residence; one fenced

concrete pad with an electrical power tower (no transformers were observed on the tower); two ponds

with standing water connected by a small stream; one settling pond (dry with fine, clay-like material on

the bottom); 15-foot-deep waste rock piles covering approximately 0.33 acre and located adjacent to the

entrance road, which is also covered in waste rock (total waste rock is approximately 8,000 cubic yards

in volume); and a foundation that may have been the truck-loading area. The waste rock appeared to be

quartzite and limestone. Six transformers were noted in the buildings, and there was no evidence of a

mill on the property. Drainage from the shaft was clear, had no odor, and was estimated to flow at

20 gpm. The drainage infiltrated within approximately 75 feet of the shaft. The shaft is approximately

0.1 mile from Deep Creek (Figure 1-14).

Access to the mine is restricted by a gate with a lock; the gate was unlocked at the time of the

visit. No signs of livestock grazing were observed, and no terrestrial sensitive environments were noted.

Approximately 2,000 cubic yards of waste rock have been used for road construction.

IO:START-2\01020028\S643 1-24



1.2.33.2 Surface Water Migration Pathway and Targets

This section discusses the surface water migration pathway and potential targets within the

mine's range of influence. The groundwater migration, soil exposure, and air migration pathways are not

being evaluated in this ESI (Figures 1-15 and 1-16).

Surface water from the adit and shaft drains overland northeast to two ponds (connected by a

small stream and spanning approximately 50 feet in length), then north to a dry settling pond with fine

sediment (approximately 40 feet in width by 70 feet in length). From these areas, the surface water flows

southeast to a swampy area before entering Deep Creek (PPE). From the field, surface water from the

swampy area is expected to sheet flow approximately 300 feet into Deep Creek. The discharge rate is

unknown. From the PPE, the 15-mile TDL extends along Deep Creek approximately 7 miles to its

confluence with the Columbia River. The remaining 8 miles of the TDL is along the Columbia River.

The two-year, 24-hour rainfall event for the mine area is 1.6 inches and the average annual

precipitation is 27.38 inches (WRCC 2000b). It is expected that the mine lies outside of a flood plain.

As stated previously, the area consists of Waits-Rock outcrop complex. This soil is a loam that has a low

infiltration rate, rapid runoff, and a high hazard of water erosion (USDA 1982). The upland drainage

area of the mine is estimated from a topographic map to be 78 acres (USGS 1992c).

There are 10 surface water intakes within the 15-mile TDL of the mine. Nine of these are private

domestic intakes and one is a municipal intake for the City of Northport (Ecology 2000b). The nine

domestic intakes are estimated to serve 25 people. This number is based on the average number of

persons per household for Stevens County, which is 2.73 (USBC 1990). The closest domestic intake is

located 1.1 miles from the mine property. The municipal intake at Northport serves 460 people and is

located 3.5 miles from the mine (EPA 2000c). Surface water is used within the TDL for irrigation of

commercial food or forage crops and watering of commercial livestock (Ecology 2000b).

Flow rate data for Deep Creek are not available; however, based on visual observations during

the START visit, the flow for Deep Creek was estimated to be approximately 84,000 gpm or 187 cfs.

The average annual flow rate for the Columbia River, measured at Northport, Washington, is 103,340 cfs

(USGS 1998).

No known commercial fisheries exist within Deep Creek or the Columbia River within the

15-mile TDL. Sport fishing occurs along Deep Creek and the Columbia River and subsistence fishing

occurs on the Columbia River. Fish catch data is not available for Deep Creek. Sport catch data for the

13.5- to 15-mile section of the TDL on the Columbia River has been estimated at 49.5 pounds of

Kokanee salmon, 16.6 pounds of rainbow trout, 8.4 pounds of walleye, 4.75 pounds of smallmouth bass,

10:START-2\01020028\S643 1-25



and 7.53 pounds of yellow perch (DOE 1996). Sturgeon have also been caught in this area, but no data

are available for this species. Additional sport catch data for the remainder of the 15-mile TDL in the

Columbia River are not available.

The bull trout (Salvelinus confluentus), a Federal listed threatened species, is known to be

present within the 15-mile TDL in the Columbia River (Vail 2000). There are two reported nesting areas

for bald eagles (Haliaeetus leucocephalus), a Federal listed threatened species, along the Columbia River

approximately 1 mile upstream from its confluence with Deep Creek (WDFW 2000). It is assumed that

these eagles utilize portions of the 15-mile TDL for feeding purposes, although their nests lie outside of

the TDL for Deep Creek Mine.

It is estimated from National Wetlands Inventory maps that 3.2 linear miles of wetlands exist

along Deep Creek within the 15-mile TDL of the mine property (USFWS 1994). The Coulee Dam

National Recreation Area is within the mine's 15-mile TDL (USGS 1992d).

1.2.4 Van Stone Mine

Information presented in this section is based on a review of background information, interviews

with the property owner and representatives from various regulatory agencies.
i

1.2.4.1 Mine Location and Description

This section presents the Van Stone Mine location, description, and ownership history.

1.2.4.1.1 Van Stone Mine Location

Mine Name:

CERCLIS ID No.:

Location:

Latitude:

Longitude:

Legal Description:

Property Owner:

Van Stone Mine

WAD980834808

Stevens County, Washington

48°45'38.19"N

117°45'23.61"W

Section 33, Township 38N, Range 40E

Equinox Resources (Washington) Inc.
c/o CT Corporation System
111 Eighth Avenue
13th Floor
New York, NY 10011
(212) 894-8570
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Property Contact: Mano River Resources Inc.
890 West Fender Street, Suite 600
Vancouver BC
V6C1K4 Canada
(604) 689-1700

1.2.4.1.2 Mine Description/Ownership History

The Van Stone Mine is located approximately 25 miles north of Colville, Washington. The mine

lies within the Onion Creek drainage basin (Figures 1-17 and 1-18). Mining activities are conducted in

the areas highlighted on the figures, not just the area listed as the Van Stone Mine on the original

topographic map. Van Stone Mine is an open pit lead and zinc mine with a beneficiation plant (used to

process ore) on-site. The property has been owned by a number of companies over the years. The mine

area was first discovered by George Van Stone and Henry May lor in 1920. Following World War n,

Asarco Incorporated produced 3.44 million tons of ore from an open-pit mine and discovered a new deep

deposit. Following Asarco's sale of the property, both Callahan Mining Corporation and Equinox

Resources Ltd. completed favorable feasibility studies of the mine and Mano's wholly-owned subsidiary,

Equinox, reactivated the 1,000-ton-per-day open pit mine and concentrator in the early 1990s. Low zinc

prices caused the closure of the operation in 1993 (Mano River Resources, Inc. 2001). Additional

information regarding previous ownership history is not available.

The main asset of the property is a mineral deposit containing a drilled resource of

570 million pounds of zinc and 90 million pounds of lead with an overall potential of more than three

times this amount. The deposit is located on over 1,400 acres. There is a fully developed open-pit mine

with an operational 1,000-ton-per-day concentrator. The mine and concentrator were refurbished and in

operation from 1991 through 1993. All production facilities and related infrastructure are presently on

standby for a rapid reactivation to full capacity (Figures 1-18 and 1-19).

1.2.4.2 Mine Operations and Source Characteristics

Tailings created from the beneficiation plant were discharged in a slurry to the lower tailings

pond. The upper tailings pond was only used as a standby pond in 1993. The old tailings were reworked

and a plastic liner was placed on the tailings to receive the new tailings. The water from the tailings was

pumped back to the beneficiation plant. This eliminated the discharges that historically drained to Onion

Creek. The old dike on the upper tailings pond still showed signs of breaks that allowed releases to the

creek in 1993 (SAIC 1993).
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Equinox excavated drainage ditches up-slope of the tailings ponds to divert surface runoff around

the ponds. Water that accumulated in the active pit was pumped to the inactive south pit where it

infiltrated. Equinox was not permitted to discharge any water from the mine or tailings to surface water

bodies.

Prior to Equinox's operation, approximately 3,000,000 tons of ore was processed to generate the

tailings underlying the current tailings ponds.

The chemicals used to process the ore are limited. A portion of these may have been carried with

the tailings to the tailings pond where the water was pumped back to the plant. The chemicals include

flocculants, copper sulfate, quicklime, methyl amyl alcohol, zinc sulfate, sulfuric acid, sodium hydroxide,

isopropanol, sodium sulfide, butyric acid, 2-ethylhexanol, and conditioners.

1.2.4.3 Mine Area Characterization

This section summarizes previous investigations (Section 1.2.4.3.1), and discusses migration/

exposure pathways and targets (Section 1.2.4.3.2).

1.2.4.3.1 Previous Investigations

Information regarding previous investigations was not obtained prior to the writing of the SQAP.

1.2.4.3.2 Surface Water Migration Pathway and Targets

This section discusses the surface water migration pathway and potential targets within the

mine's range of influence. The groundwater migration, soil exposure, and air migration pathways are not

being evaluated in this ESI (Figures 1-20 and 1-21).

Surface water from the tailings pile drains overland to Onion Creek (PPE) to the Columbia River.

The lower tailings pond dimensions are approximately 1,200 by 1,200 by 10 feet. The upper tailings

pond dimensions are approximately 400 by 1,200 by 10 feet. The average flow rate for Onion Creek is

110 cfs. The average flow rate for the Columbia River, measured at Northport, Washington, is

103,340 cfs. From the PPE, the 15-mile TDL extends along Onion Creek approximately 8 miles to its

confluence with the Columbia River.

The mean annual precipitation at Colville for 1917 through 1951 is 16.96 inches (WRCC 2000d).

The two-year, 24-hour rainfall event for the mine area is 2 inches (WRCC 2000b). It is expected that the

mine lies outside of a flood plain: The area consists of coarse-textured soils with high infiltration rates.

The upland drainage area of the upper tailings pond is estimated from a topographic map to be 44 acres.
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The upland drainage for the remainder of the mine is estimated from a topographic map to be 130 acres.

It is unknown whether surface water drinking water rights exist on Onion Creek.

No known commercial fisheries exist within Onion Creek or the Columbia River within the

15-mile TDL. Sport and subsistence fishing occurs along the Columbia River.

It is estimated from National Wetlands Inventory maps that 14.7 linear miles of wetlands exist

within the 15-mile TDL of the mine (USFWS 1994).

1.2.5 LeRoi Company Smelter

Information presented in this section is based on a review of background information, interviews

with the property owner and representatives from various regulatory agencies.

1.2.5.1 Smelter Location and Description

This section presents the LeRoi Company Smelter location, description, arid ownership history.

1.2.5.1.1 LeRoi Company Smelter Location

SmelterName: LeRoi Company Smelter

CERCLIS ID No.: WAD988507323

Location: Northport, Stevens County, Washington

Latitude: 48°55'15"N

Longitude: 117°46'15"W

Legal Description: Section 4, Township 39N, Range 40E

Property Owner: Mr. Steve Frazier
SSF Building Materials
117 Park Road
Northport, Washington 99157

Property Contact: Mr. Steve Frazier
1964 E. Hawthorne Ave
Colville, Washington 99114
(509)684-4311

1.2.5.1.2 Smelter Description/Ownership History

The LeRoi Company Smelter (LeRoi), approximately 32 acres, is located just northeast of the

town center of Northport, Washington, along Highway 25. The city of Northport is located along the east

bank of the Columbia River approximately 7 miles south of the United States-Canadian border in Stevens
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County. The Northport-Waneta Road borders the property along the south and east. Highway 25 defines

the western boundary of the smelter. The Burlington Northern Railroad (formerly the Spokane Falls and

Northern Railroad) runs parallel to the Columbia River and designates the northern property boundary.

The Columbia River is located approximately 200 feet north of the LeRoi property. Residential homes

are located west of the smelter. Smelter Hill is located directly east of the LeRoi property, elevation

2,026 feet above sea level (ASL). Silver Crown Mountain is south of the property, elevation 2,943 feet

ASL. A city park, approximately 10 acres in area, is located northwest of the smelter property along the

Columbia River, approximately 50 feet from the smelter (Figure 1-22; URS 1993).

The smelter encompasses a total area of 32 acres, including an old smelter and an inactive

lumber operation. The smelter is accessed from an unpaved road east of Highway 25 located on the

south end of the property. This road also provides access to the city park. The property is not paved.

Grasses and poplar trees grow throughout the northern portion of the property. A hill, possibly the

former smelter tailings pile, with an approximate slope of 10 degrees is located on the north end of the

property, resulting in an elevation change across the property of 50 feet. Drainage appears to flow from

northeast to southeast to the Upper Columbia River (Figures 1-23 and 1-24; URS 1993).

Stone foundations and old brick walls from the former smelter facility remain on the property.

Most of these remains are located on the northern portion of the property. One of the three original

smokestacks is still standing. This remaining stack was reported as the second largest stack, being only

half the size of the largest stack. It stands approximately 75 feet high and has a maximum width of

approximately 10 feet (URS 1993).

The vacant lumber operation is located on the southern third of the property. The majority of the

structures used for the lumber operation were constructed over 20 years ago. Two lumber mill structures,

an old wigwam burner, and an old log sawmill were identified on the property and are reported to be no
v

longer in use and in a state of disrepair (URS 1993).

The former smelter buildings, which are no longer standing, included the furnace building

(130 feet high, 100 feet wide, 700 feet long), the roaster building (90 feet high, 150 feet wide, 500 feet

long), and the crusher and ore building (90 feet high, 100 feet wide, 600 feet long; URS 1993).

In the 1890s, a flurry of mining activities evolved in northeastern Washington and southern

British Columbia. In 1892, D.C. Corbin, owner of the Spokane Falls and Northern Railroad, built a rail

line to reach the city of Northport, then consisting of a lumber mill and several tents. The railroad tracks

were located adjacent to the LeRoi smelter, which at that time was owned by Mr. Corbin. In 1896,

Mr. Corbin donated the property to the LeRoi Mining and Smelting Company for the construction of the
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Breen Copper Smelter. The smelter location was chosen because the area contained large quantities of

materials necessary for smelting, such as limerock for flux (URS 1993). *&

The smelter began treating copper and gold ores transported from the Rossland Mine located in •̂•̂

British Columbia, Canada. In 1901, the LeRoi Smelting Company operations reorganized as the

Northport Smelting and Refining Company. By 1908, it was one of the largest smelters on the West

Coast, processing 500 tons of ore per day. In 1909, the smelter closed because of competition from the

Consolidated Mining and Smelting Operations smelter in Trail, British Columbia (URS 1993).

During World War I, the government demand for lead encouraged the Northport Mining and

Smelting Company to reopen and process the lead ores that had been discovered at Leadpoint,

Washington, approximately 9 miles east of Northport. In September 1914, Jerome Day purchased the

smelter and renovated it to accommodate lead ores. On March 5, 1921, the government curtailed its lead

purchases. A few months later, the smelter closed and never reopened. After the smelter closed in 1921,

the American Smelting and Refining Company purchased the smelter. The company removed the

smelting equipment and transported it to a smelter located elsewhere. The company left the dismantled

smelter inactive (URS 1993).

Between 1921 and 1953, the inactive property was owned by J.D. Harms. Between 1953 and

1969, a lumber mill went into operation on the property. JB&T Lumber is the first known lumber mill

company to have operated on the property. In 1975, Cecil Frazier purchased the property and operated

the lumber mill. In 1985, Steve Frazier, son of Cecil Frazier, purchased the property and business and

operated a mill under the name SSF Building Materials which is currently vacant (URS 1993; Frazier

2001).

1.2.5.2 Operations and Source Characteristics

The Breen Copper Smelter operated from 1896 until 1901. The initial smelter operations were

rudimentary and involved releases of large quantities of pollutants. The tellurium ore was more difficult

to process; however, it contained high enough amounts of copper and gold to make the process

worthwhile. Tellurium is naturally occurring and belongs to the same family of elements as sulfur and

selenium. Because of the tellurium, the ore had to be burned or heated to release the minerals. The

burning released high amounts of sulfur dioxide into the air (URS 1993).

The ore was processed by heap roasting, which involves open burning of the raw ore prior to

placing it in a mineral filtration furnace. The heap roasting process produced a disagreeable sulfur odor;
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the local citizens termed the burning piles "stink piles." Local farmers believed that the heap roasting

process was poisoning the nearby soils (URS 1993).

A slag brick platform was used for the initial burning, or heap roasting, of the ore. The ore was

piled on the brick platform to an approximate depth of 4 feet. Cord wood was then stacked on top of the

ore pile and ignited. The tellurium in the ore would be vaporized during this process, thus freeing the

gold and copper for smelting. The location of this brick platform is where the Northport city wells are

currently located (URS 1993).

Because gold is heavy, it settled to the bottom of the furnace and formed a gold matte. After the

gold accumulated to a thickness of 14 inches, the furnace was shut down. Once the furnace and materials

cooled, the sides of the furnace were removed to gain access to the gold matte, which was then pried

from the furnace and cut into pieces before being loaded into boxcars and shipped to a gold refinery

(URS 1993).

The lead smelter used a process more sophisticated than that used in the copper and gold process

of the previous decade, although a large quantity of sulfur (approximately 30 tons per day) was still being

discharged into the air. This emission was reportedly considered tolerable by the residents. Filters for

the smokestacks were added later (URS 1993).

In the days of the copper and gold smelter, two large steam engines, fueled by coal, provided

power. Both flywheel steam engines were hooked onto one long line shaft. On the other end of the line

shaft, a dynamo produced 10,000 volts of electricity prior to being boosted by a generator that provided

up to 100,000 volts. Once the smelter reopened to process lead ores, a high-voltage line from Canada

supplied the power, and the steam plant was shut down (URS 1993).

After 1921, the abandoned and dismantled smelter remained inactive. The town of Northport

demolished the buildings for the usable brick. One building retained enough walls to provide an

ice-skating rink during the winter. The railroad was abandoned and the tracks were salvaged. By 1929,

only half of the upper Stevens County population remained and the entire upper Stevens County was

suffering great economic hardship (URS 1993).

Smelting operations produced a tailings waste referred to as slag. The slag was usually placed in

piles near the smelter for temporary or permanent disposal. Historical photographs indicate possible

tailings piles located on the northeast portion of the LeRoi property. The slag piles could be covered by

• topsoil and vegetation. The exact location or process of disposal of the slag piles is unknown.

Operations on the property in 1993 involved a lumber mill. It was one of the largest businesses

in Northport, employing from 18 to 25 people. The entire property was used for the mill. The southern
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half of the property held the main lumber operations. The northern half of the property, which contains

the smelter remnants, was used to store lumber products and old metal parts including cars, piping, and

roofing!

The lumber mill processed mostly cedar wood from rough-dimension lumber into exterior siding

and exterior paneling. The mill process included cutting the wood, drying the cut wood, and shipping it.

Mill operations were run on propane. All water used for mill operations was obtained from the city

water supply. The mill did not discharge to or collect water from the Columbia River (URS 1993).

The scrap wood materials, including sawdust, were sent to Kettle Falls for the Kettle Falls Water

Power Company, which burned the material for energy. Originally, the lumber mill bumed the scrap

wood on the property inside a wigwam burner. Although the on-site burning has been eliminated for

years, the wigwam burner was observed on the property. No wood treatment or chemical use is reported

in the past mill operations (URS 1993).

1.2.5.3 Smelter Characterization

This section summarizes previous investigations (Section 1.2.5.3.1), discusses migration/

exposure pathways and targets (Section 1.2.5.3.2), and describes areas of potential contamination

(Section 1.2.5.3.3).

1.2.5 J.I Previous Investigations

In July 1992, the Washington State Department of Health outlined potential activities to be

undertaken in response to community health concerns in the Northport area including epidemiologic

reviews, rates of hospitilizations for ulcerative colitis and Chron's Disease, reviewing list of suspected

pollutants for links with reported disease, and proposing Northport for air, soil, and biological sampling.

A preliminary assessment and a site inspection were performed by URS Consultants, Inc., on

behalf of the EPA in 1993. The analytical results for antimony in the surface soil samples from the

LeRoi property indicated concentrations exceeding Washington State Model Toxics Act Method B soil

cleanup levels. The analytical results for arsenic and lead in the surface soil samples from the LeRoi

property indicate concentrations exceeding Washington State Model Toxics Act Method A soil cleanup

levels (URS 1993).

The Washington Department of Ecology (Ecology) sampled soils and slag piles at the LeRoi

Smelter in 1997. A report for this sampling event is unavailable; however, preliminary results showed

levels of two to three orders of magnitude above background. Concentrations of up to 1,010 milligrams
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per kilogram (mg/kg) of arsenic, 337 mg/kg of cadmium, 33,400 mg/kg of copper, 20,200 mg/kg of lead,

and 1,750 mg/kg of zinc were found (Gregory 2000b). Ecology had planned to conduct a groundwater

investigation at the LeRoi Smelter property. However, due to availability of resources, this has not been

pursued (Gregory 2000a).

According to the Stevens County Assessor's Office, the property was sold to KES Contracting,

Inc., 1252 Bay Avenue, Trail, British Columbia, in June 1999.

1.2.5.3.2 Surface Water Migration Pathway and Targets

This section discusses the surface water migration pathway and potential targets within the

mine's range of influence. The groundwater migration, soil exposure, and air migration pathways are not

being evaluated in this ESI (Figures 1-25 and 1-26).

The LeRoi smelter is located along the upper Columbia River in northeastern Washington. This

area is fairly dry, with an average annual precipitation of 20.29 inches and a 2-year 24-hour precipitation

of 1.2 inches. Precipitation accumulates in the form of snow during the winter months (URS 1993).

Most surface water runoff would travel directly north from the southern half of the property and

northwest from the northern half of the property to the Columbia River approximately 90 to 200 feet

from the northern boundary, with an elevation decrease of approximately 50 feet. The property is not

located within the 100-year floodplain (URS 1993).

The Columbia River is the only surface water body identified within 15 miles downstream of the

LeRoi property. The river flow and elevation are controlled by several dams located both upstream in

Canada and downstream in the United States. The nearest dam is located approximately 15 miles

upstream. The first downstream dam, Coulee Dam, is located approximately 130 miles downstream.

The 130-mile stretch along the Columbia River from Coulee Dam to Northport is considered Lake

Roosevelt.

Twelve surface water intakes are located 15 miles downstream of the LeRoi property along the

Columbia River. One surface water intake (Permit #4638), approximately 15 miles downstream, is used

for both domestic and irrigation purposes. The remaining surface water intakes are used for irrigation

with the exception of one intake used for mining operations. No other surface water intakes were

identified (URS 1993).

Fisheries identified along the Columbia River within the 15-mile TDL consist of only

nonanadromous species. No anadromous fish are found above the Chief Joseph Dam in Bridgeport,

approximately 100 miles downstream from Northport.
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1.2.6 Areas of Potential Contamination

Sampling at the mines and mills to be visited under the Upper Columbia ESI will be conducted at'

those areas considered to be potential contamination sources and PPEs. Table 1-1 lists the mines and

mills to be visited and potentially sampled (Figure 1-27). Under this ESI, potential contamination

sources include but are not limited to:

Potential Sources:

• Tailings Piles/Ponds. Background information indicates that tailings piles or ponds are
present on many of the mines and mills. Probable potential contaminants of concern are
Target Analyte List (TAL) metals including mercury. Tailings piles/ponds with a total
volume less than 1,000 cubic yards will not be sampled.

• Waste Rock Piles. Background information indicates that waste rock piles may be
present at adit and shaft elevations. The waste rock at these elevations has not been
processed. Probable potential contaminants of concern are TAL metals. Waste rock
piles with a total volume less than 1,000 cubic yards will not be sampled.

• Mill Soil Areas. Evidence of mills has been documented at many of the mines and
mills. Expected mill processes include concentration, flotation, and/or mercury
amalgamation. Probable potential contaminants of concern include TAL metals
including mercury, and PCBs. Mill soil samples will also be analyzed for chlorinated
pesticides (pesticides) as these results are provided as pan of the analytical method; the
Weston field team is also collecting samples for pesticide/PCB analysis.

• Mine Adits. Adit discharge is a potential source of contamination. Probable potential ,,
contaminants of concern include TAL metals including mercury. vIp"

( J
Proposed sample locations for the Pend Oreille Mine are identified in Figure 1-28. ^*'

Potential Targets;

• Pend Oreille River. Past discharges from the Pend Oreille mine and mill and ongoing
discharges from the adit and the tailings piles may be impacting the surface water and
sediments in the Pend Oreille River. Probable potential contaminants of concern are
TAL metals including mercury and pesticides/PCBs.

• Tributaries on the Pend Oreille River. Past discharges from mines and mills and
ongoing discharges from adits and tailings piles may be impacting the surface water and
sediments in tributaries flowing into the Pend Oreille River. Probable potential
contaminants of concern are TAL metals including mercury and pesticides/PCBs.

• Groundwater Within 4-Mile Radius. Groundwater at the Pend Oreille Mine will be
sampled and analyzed for TAL metals including mercury.

A groundwater sample and up to two soil samples will be collected at a park adjacent to the

LeRoi Company Smelter if access is granted to the property. The samples will be analyzed for TAL

metals including mercury. The Cleveland Mine and Mill, assigned to E & E under TDD 01-01-0035, will
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be visited during the Upper Columbia River ESI field event. Up to 6 surface soil and/or water samples,

including background sample(s), will be collected following the guidelines presented in this SQAP. The

procedures outlined in Sections 2 and 3 of this SQAP will be followed for the mines and mills.

1.3 PROJECT/TASK DESCRIPTION AND SCHEDULE

This section provides the project description (Section 1.3.1) and schedule (Section 1.3.2).

1.3.1 Project Description

- This section defines the objectives and scope for performing the Upper Columbia River ESI

activities at the mines and mills. The main goals for the ESI activities are as follows:

Collect and analyze samples to help characterize the potential sources discussed in
Section 1.2.6;

Determine off-site migration of contaminants; and

Document a threat or potential threat to public health or the environment posed by the
mines or mills.

1.3.2 Schedule

The schedule for implementing the Upper Columbia River ESI mine and mill sampling is

intended to be used as a guide. Adjustments to the implementation dates and the estimated project

duration may be necessary to account for variable unforeseen or unavoidable conditions that the field

team may encounter. Examples include inclement weather, difficulties in accessing a sampling location,

or additional time needed to complete a task. Any significant schedule changes that arise in the field will

be discussed with the TM at the earliest possible convenience. The proposed schedule of project work is

as follows:

Activity

Mobilize

Sample Collection Activities

Laboratory Receipt of Samples

Demobilize

Receipt of Data from EPA or CLP Laboratory (3 weeks from receipt)

Data Validation for all Laboratory Data (3 weeks from receipt)

Write Project Report (6 weeks)

Target Project Completion Date

Start

6/17/01

6/18/01

6/22/01

7/30/01

7/13/01

8/03/01

7/27/01

Not Applicable

Complete

6/17/01

6/29/01

7/03/01

7/30/01

7/24/01

8/14/01

9/14/01

10/01/01
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1.4 QUALITY OBJECTIVES AND CRITERIA FOR MEASUREMENT DATA

The project data quality objectives (DQOs) are to provide valid data of known and documented

quality to characterize sources, determine off-site migration of contaminants, and document any threat(s)

or potential threat(s) to public health or the environment posed by the mines and mills. The DQO

process to be applied to this project will follow that described in the EPA (1994b) document, Guidance

for the Data Quality Objectives Process.

1.4.1 DQO Data Categories

All samples collected under this SQAP will be analyzed using definitive analytical methods. All

definitive analytical methods employed for this project will be methods approved by the EPA. The data

generated under this project will comply with the requirements for this data category as defined in Data

Quality Objectives Process for Superfund (EPA 1993).

1.4.2 Data Quality Indicators (DQIs)

DQI precision, accuracy, representativeness, comparability, and completeness goals for this

project were developed following guidelines presented in the EPA Guidance for Quality Assurance

Project Plans, EPA QA/G-5 Final, Appendix D.

The basis for assessing each of the elements of data quality is discussed in the following

subsections. Section 2.5 presents the QA objectives for measurement of analytical data and QC

guidelines for precision and accuracy. Other DQI goals are included in the individual Standard

Operating Procedures (SOPs) in Appendix A and in the Laboratory Statement of Work (SOW).

1.4.2.1 Representativeness

Representativeness is a measure of the degree to which data accurately and precisely represent a

population, including a sampling point, a process condition or an environmental condition.

Representativeness is the qualitative term that should be evaluated to determine that measurements are

made and physical samples collected at locations and in a manner resulting in characterizing a matrix or

media. Subsequently, representativeness is used to ensure that a sampled population represents the target

population and an aliquot represents a sampling unit. This SQAP will be implemented to establish

representativeness for this project. Further, all sampling procedures detailed in the SQAP will be

followed to ensure that the data will be representative of the media sampled. The SQAP describes the

sample location, sample collection and handling techniques to avoid contamination or compromise
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sample integrity, and proper chain-of-custody. Additionally, the sampling design presented in the SQAP

will ensure that there are a sufficient number of samples and level of confidence that analysis of these

samples will detect the chemicals of concern, if present.

1.4.2.2 Comparability

Comparability is the qualitative term that expresses the measure of confidence that two data sets

or batches-can contribute to a common analysis and evaluation. Comparability with respect to laboratory

analyses pertains to method type comparison, holding times, stability issues, and aspects of overall

analytical quantitation. The following items are evaluated when assessing data comparability:

• Determining if two data sets or batches contain the same set of parameters.

• Determining if the units used for each data set are convertible to a common metric.

• Determining if similar analytical procedures and quality assurance were used to collect
data for both data sets.

• Determining if the analytical instruments used for both data sets have approximately
similar detection levels.

• Determining if samples within data sets were selected and collected in a similar manner.

To ensure comparability of data collected during this investigation to other data that may have

been or may be collected for each property, standard collection and measurement techniques will be

used.

1.4.2.3 Completeness

Completeness is calculated for the aggregation of data for each analyte measured for any

particular sampling event or other defined set of samples. Completeness is calculated and reported for

each method, matrix, and analyte combination. The number of valid results divided by the number of

possible individual analyte results, expressed as a percentage, determines the completeness of the data

set. For completeness requirements, valid results are all results not rejected through data validation. The

requirement for completeness is 95% for aqueous samples and 90% for soil/sediment samples.
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The following formula is used to calculate completeness:

% completeness = number of valid results
number of possible results

For any instances of samples that could not be analyzed for any reason (holding time violations

in which resampling and analysis were not possible, samples spilled or broken, etc.), the numerator of

this calculation becomes the number of valid results minus the number of possible results not reported.

For this investigation, all samples are considered critical. Therefore standard collection and

measurement methods will be used to achieve the completeness goal.

1.4.2.4 Precision

Precision measures the reproducibility of measurements. It is strictly defined as the degree of

mutual agreement among independent measurements as the result of repeated application of the same

process under similar conditions. Analytical precision is the measurement of the variability associated

with duplicate (two) or replicate (more than two) analyses. The laboratory control sample (LCS)

determines the precision of the analytical method. If the recoveries of the analytes in the LCS are within

established control limits, then precision is within limits. In this case, the comparison is not between a

sample and a duplicate sample analyzed in the same batch. Rather, the comparison is between the sample

and samples analyzed in previous batches.

Total precision is the measurement of the variability associated with the entire sampling and

analysis process. It is determined by analysis of duplicate or replicate field samples and measures

variability introduced by both the laboratory and field operations. Field duplicate samples and matrix

duplicate spiked samples shall be analyzed to assess field and analytical precision, and the precision

measurement is determined using the relative percent difference (RPD) between the duplicate sample

results.

The following formula is used to calculate precision:

RPD = (100) x (S1-S2)
(Sl+S2)/2

where:

51 = normal sample value

52 = duplicate sample value
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1.4.2.5 Accuracy

Accuracy is a statistical measurement of correctness and includes components of random error

(variability due to imprecision) and systemic error. It reflects the total error associated with a

measurement. A measurement is accurate when the value reported does not differ from the true value or

known concentration of the spike and standard. Analytical accuracy is measured by comparing the

percent recovery of analytes spiked into an LCS to a control limit. For volatile and semivolatile organic

compounds (not applicable for this ESI), surrogate compound recoveries are also used to assess accuracy

and method performance for each sample analyzed. Analysis of performance evaluation (PE) samples

shall also be used to provide additional information for assessing the accuracy of the analytical data

being produced.

1.5 SPECIAL TRAINING REQUIREMENTS/CERTIFICATION

Special training requirements or certifications are required for this project including the 40-hour

Hazardous Waste Operations and Emergency Response class and annual refreshers. Health and safety

procedures for E & E personnel are addressed in the E & E site-specific HSP. As previously discussed

(Section 1.1.1), this document is maintained in E & E's Seattle, Washington, office and will also be

provided to each field team. Included in the plan are descriptions of anticipated chemical and physical

hazards, required levels of protection, health and safety monitoring requirements and action levels,

personal decontamination procedures, and emergency procedures.

1.6 DOCUMENTATION AND RECORDS

This document is meant to be combined with information presented in E & E's QAPP

(E & E 2001a) for the START-2, Region 10. This information is covered in this SQAP by the SOPs

found in Appendix A and the CLP laboratory SOW. A copy of the START-2 QAPP is available in

E & E's Seattle, Washington, office. Standards contained in the SOPs, the START-2 QAPP, and the

QMP will be used to ensure the validity of data generated by E & E for this project.

Following E & E's receipt of all analytical data including sediment and surface water sample

results generated by Weston and data from the Phase 1 and Phase 2 mines/mills field events, an ESI

report summarizing project findings will be prepared by the E & E START-2 PM. Project files,

including work plans, reports, analytical data packages, correspondence, chain-of-custody (COC)

documentation, logbooks, corrective action forms, referenced materials, and photographs will be
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provided to the EPA TM at the close of the project. Furthermore, a compact disk-read only memory

(CD-ROM) containing the project photographs and reports will be provided.

E&E will assemble and fully document a digital data set including all project sampling, analysis

and observation data. This digital data will be made available in a Microsoft-Access format. E&E will

transfer this data set and documentation to EPA, or if requested, to any other EPA contractor, and shall

insure that any data transferred is received in an uncorrupted, comprehensible and usable format.

Specific data deliverable elements are presented below.

Data

A summary description of the tables, the sources of information, and other comments are provided

below.

Field-Info

The field information table contains all sample collection related information. A Microsoft-Access

application (Sample Information System, SIS) will be used to input and store the data. The SIS provides

the user with "smart" data input forms that will only allow for the entry of acceptable data field values.

For each sampling event, the SIS will be updated to reflect the new samples collected. Once entered, the

information will be checked and corrected where necessary. The table structure is presented below.

Field Name Type Size Description
Sample-num Character 10 Sample Number
Station Character 10 Station Identifier
Date Date 8 Sample Date
Time Numeric 4 Sample Time (24 hour clock)
Sampler Character 25 Person name
Matrix Character 6 Sample Matrix - (i.e. soil boring, groundwater, sediment)
Water Depth Numeric S.I Depth of water at sediment sample
Description Character 40 Sample Description
Comments Character 40 Comments

Location

The location table contains sample location coordinate information. The sample locations will be

determined using three Trimble Pro-XR Global Positioning System (GPS) units. E&E personnel have

been trained and have utilized these units in similar projects. For each day or half-day in the field that

GPS sample location data is to be collected, the GPS user will create a single file that contains the

locations of each sample station. A unique station label will be entered for each sample location. This

unique station identifier will be used to link the "Location" table with the "Field-Info" table. This

information will be downloaded from the GPS unit and imported into the "Location" table of the Site ,- - ,
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Data Management System (SDMS). All locational data for this project will be stored in decimal degrees,

and will be referenced to the NAD 27 horizontal datum. Differential corrections will be made real-time.

The table structure is presented below.

Field Name Type Size Description
Station Character 10 Station Identifier
X-Coord Numeric 12.6 X-Coordinate, Decimal Degrees
Y-Coord Numeric 12.6 Y-Coordinate, Decimal Degrees

Lab Analytical

The Lab Analytical table will hold all of the sample analysis results provided by each laboratory

analyzing samples. The integrity of each data file received from the labs will be checked and verified.

Once the files are received, they will be appended into the SDMS Lab Analytical table. The "Sample-

num" field will be used to link the "Lab Analytical" table with the "Field-Info" table. The table structure

is presented below. .

Field Name Type Size Description
Sample-num Character 10 Sample Number
Lab-id Character 10 Laboratory Sample Identifier
Method Character 25 Analytical Method used
L-Matrix Character 10 Laboratory Matrix
Cas-num Character 15 Chemical Abstracts Service (CAS) number
Analyte Character 40 AnalyteName
Result Numeric 12.6 Analysis result
Qua) Character 6 Sample qualifier
Quantitation-Limit Numeric 12.6 Sample quantitation limit
Units Character 10 Result units
Date Date 8 Date Analyzed
Lab Character 40 Lab name

For any Geographic Information Systems (GIS) produced maps, E & E shall provide the maps to

EPA in hard copy and digital image (i.e. JPEG) formats.
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Table 1-1

MINES AND MILLS TO VISIT AND POTENTIALLY SAMPLE
UPPER COLUMBIA RIVER EXPANDED SITE INSPECTION

NORTHEAST WASHINGTON

County
Stevens
Stevens
Stevens
Stevens
Stevens
Stevens
Stevens
Stevens
Stevens
Stevens
Stevens
Stevens
Stevens
Stevens
Stevens
Stevens
Stevens
Stevens
Stevens
Stevens
Stevens
Stevens
Stevens
Stevens
Stevens
Stevens
Pend Oreille
Stevens
Stevens
Stevens
Stevens

Mine/Mill Name
Morning
Burrus
Copper King
Sierra Zinc (Blue Ridge)
Magma
Calhoun
Bechtol
Thompson
Tyee
Farmer
Maki
Lead trust
Electric Point
Keystone
Lucky Four
Gladstone
Admiral Consolidated
Anaconda
Red Top
Evergreen
Lucile
A & C
RJ
Uncle Sam
Silver Trail
New Leadville
Sullivan
Clara
Lakeview
Jackson
Roosevelt

LAT
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48

44
43
46
46
46
55
51
52
51
50
50
53
52
52
52
53
55
56
56
56
57
44
43
43
4!>
44
52
59
57
57
59

24.36
26.76
51.60
28.20
00.48
09.84
57.60
09.84
27.36
5928
45.60
49.92
56.28
53.04
51.6
12.48
52.2
53.5
35.88
57.48
01.08
30
54.84
57.72
09.36
08.52
36.84
19.32
51.84
35.64
22.20

LONG
in
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117

38
39
39
40
38
35
35
35
37
37
36
33
32
31
32
32
34
33
33
33
3
52
52
52
52
52
22
36
32
34
32

46.68
43.92
12.24
06.24
25.08
28.68
39.48
03.84
12.00
17.40
00.00
31.68
29.04
43.68
33.00
35.16
28.6
24.5
52.20
55.80
12.24
27
31.80
33.96
56.28
33.60
55.56
16.2
57.12
08.04
58.56

S
4
8
20
20
28
2
23
23
27
34
35
7
17
17
17
18
36
25
25
30
30
2
3
3
33
3
16
10
19
24
7

!
37N
37N
38N
38N
38N
39N
39N
39N
39N
39N
39N
39N
39N
39N
39N
39N
40N
40N
40N
40N
40N
37N
37N
37N
38N
39N
39N
40N
40N
40N
40N

K
41k
41E
41E
41E
41E
41E
41E
41E
41E
41E
41E
42E
42E
42E
42E
42E
41E
42E
42E
42E
42E
39E
39E
39E
39E
39E
43E
41E
41E
41E
42E

River System(s)
South Fork Deep Creek, Deep Creek
South Fork Deep Creek, Deep Creek
South Fork Deep Creek, Deep Creek
South Fork Deep Creek, Deep Creek
South Fork Deep Creek, Deep Creek
North Fork Deep Creek
Deep Lake, Deep Creek
Deep Lake
Deep Lake
Deep Lake
Deep Lake
Unnamed Creek, Republican Creek, North Fork Deep Creek
Unnamed Creek, Republican Creek, North Fork Deep Creek
Unnamed Creek, Republican Creek, North Fork Deep Creek
Unnamed Creek, Republican Creek, North Fork Deep Creek
Unnamed Creek, Republican Creek, North Fork Deep Creek
Hartbauer Creek, North Fork Deep Creek
Unnamed Creek, Cedar Lake, North Fork Deep Creek
Hartbauer Creek, North Fork Deep Creek
Hartbauer Creek, North Fork Deep Creek
Hartbauer Creek. North Fork Deep Creek
Unnamed Creek, East Fork Bruce Creek, Bruce Creek, Dry Lake
East Fork Bruce Creek, North Fork Bruce Creek, Dry Lake
East Fork Bruce Creek, North Fork Bruce Creek, Dry Lake
North Fork Bruce Creek, Bruce Creek, Dry Lake
East Fork Bruce Creek, North Fork Bruce Creek, Dry Lake
Wetlands, Flume Creek
Unnamed Creek, Cedar Creek, Canada
Joe Creek, Joe Lake, East Fork Cedar Creek, Cedar Creek, Canada
Joe Creek, Joe Lake, East Fork Cedar Creek. Cedar Creek, Canada
East Fork Cedar Creek, Cedar Creek, Canada
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Table 1-1

MINES AND MILLS TO VISIT AND POTENTIALLY SAMPLE
UPPER COLUMBIA RIVER EXPANDED SITE INSPECTION

NORTHEAST WASHINGTON

County
Stevens
Stevens
Stevens
Stevens
Pend Oreille
Pend Oreille
Pend Oreille
Pend Oreille
Pend Oreille
Pend Oreille
Pend Oreille
Pend Oreille
Pend Oreille
Pend Oreille
Pend Oreille
Pend Oreille
Pend Oreille
Pend Oreille
Pend Oreille
Pend Oreille
Pend Oreille
Pend Oreille
Pend Oreille
Pend Oreille
Pend Oreille
Pend Oreille
Pend Oreille
Stevens
Stevens

Stevens
Stevens

Mine/Mill Name
Myeerah
United treasure
Frisco Standard
Seaman
Red Top
King Tut
Blue Bucket
Metaline
Sterline '
Pend Oreille
Josephine .
Yellowhead
Oriole
West Contact Mine
Washington
Bella May
Lehigh No. 1
Diamond R.
Lehigh No. 2
Hanley
Lead Queen
Z Canyon
Cliff
Hoage
Lead King
Lucky Strike
Lead Hill
Gold Bar
Van Stone

Hope & Twin Cabins
Homestake

48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48

48
48

LAT
59
59
59
57
59
59
43
50
50
52
52
52
51
57
52
50
51
51
51
59
58
58
57
56
56
55
58
41
45
53
52

26.16
21.48
34.80
30.24
52.08
21.48
26.76
32.64
10.32
54.12
48.00
59.88
36.72
07.92
05.52
53.16
02.52
12.60
31.68
06.72
46.56
41.52
27.72
57.48
16.44
49.80
12.72
39.84
38.16

09.96
06.96

LONG
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
118
117

118
118

27
27
26
32
11
11
39
23
23
21
22
22
24
24
22
24
24
25
24
21
19
20
21
21
21
19
11
00
45

01
01

14.76
51.12
39.48
24.00
02.76
28.32
43.92
24.00
29.04
36.00
15.96
14.16
46.44
56.88
27.12
16.20
14.04
19.20
52.20
00.72
37.20
34.08
16.56
18.00
13.32
51.24
49.56
30.24
23.76

37.92
18.84

S
11
11
12
19
1
11
8
32
32
15
16
16
19
19
21
29
29
30
30
10
11
11
22
22
27
35
14
22
33

7
19

T
40N
40N
40N
40N
40N
40N
37N
37N
37N
39N
39N
39N
39N
39N
39N
39N
39N
39N
39N
40N
40N
40N
40N
40N
40N
40N
40N
37N
38N
39N
39N

K
42E
42E
42E
42E
44E
44E
41E
41E
41E
43E
43E
43E
43E
43E
43E
43E
43E
43E
43E
43E
43E
43E
43E
43E
43E
43E
44E
38E
40E
38E
38E

River System(s)

Unnamed Creek, Jubilee Creek, Canada
Unnamed Creek, Jubilee Creek, Canada
Unnamed Creek, Jubilee Creek, Canada
Joe Creek, Joe Lake, East Fork Cedar Creek, Cedar Creek, Canada
Overland, Lead Creek, Canada
Overland, Cedar Creek, Canada
Overland (1,700 ft) (@ RM 30)
Overland (@ RM 30)
Unnamed Creek (@ RM30)
Overland (@ Deadmans Eddy)
Overland (@ Deadmans Eddy)
Overland (@ Deadmans Eddy)
Linton Creek (@ RM 29.25)
Linton Creek (@ RM 29.25)
Overland (@ RM 27)
Unnamed Creek, overland through Metaline (@ RM 30)
Unnamed Creek, through Metaline (@ RM 29)
Unnamed Creek, Linton Creek (@ RM 29.25)
Linton Creek (@ RM 29.25)
Overland'
Overland (3,546 ft),
Overland
Upper Lead King Lake, Lower Lead King Lake, Everett Creek
Upper Lead King Lake, Lower Lead King Lake, Everett Creek
Lower Lead King Lake, Everett Creek
Overland
Slate Creek
Unnamed Creeek (@ RM 711)
Onion Creek (@ RM 730)

Unnamed Creek, Squaw Creek (@ RM 721.5)
Unnamed Creek, Hope Creek, Fifteen Mile Creek (@ RM 721.5)
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Table 1-1

MINES AND MILLS TO VISIT AND POTENTIALLY SAMPLE
UPPER COLUMBIA RIVER EXPANDED SITE INSPECTION

NORTHEAST WASHINGTON

County
Stevens
Stevens
Stevens
Stevens
Stevens
Stevens
Stevens

Stevens
Stevens
Stevens
Stevens
Stevens
Stevens
Stevens
Stevens
Stevens
Stevens
Stevens

Mine/Mill Name

Lottie
Minorca
Antelope
Mountain View
Black Rock
Bullion
Silver Crown

Scandia
Great Western
Last Chance
Deep Creek
Lone Star
Hubbard
Coyote
Northport Smelter (LeRoi Company Smelter)
Sterrett
Melrose
Iroquois

LAT
48
48
48
48
48
48
48

48
48
48
48
48
48
48
48
48
48
48

51
51
52
54
53
53
54

52
52
51
51
50
55
55
55
55
56
57

53.28
44.28
04.80
49.32
16.44
16.44
33.84

32.88
06.24
59.40
48.96
27.60
15.96
44.76
23.16
33.24
44.52
06.12

LONG
118
118
118
117
117
117
117

117
117
117
117
117
117
117
117
117
117
117

01
01
01
49
54
54
46

43
41
41
42
42
52
48
46
45
38
32

15.24
44.40
05.88
49.44
25.56
25.56
40.80

08.04
48.48
56.40
54.36
59.76
03.72
54.72
02.28
45.36
45.96
22.92

S

19
19
19-20
3
7
7
5

23
24
24
26
35
32
35
33
33
28
30

T
39N
39N
39N
39N
39N
39N
39N

39N
39N
39N
39N
39N
40N
40N
40N
40N
40N
40N

K
38E
38E
38E
39E
39E
39E
40E

40E
40E
40E
40E
40E
39E
39E
40E
40E
41E
42E

River System(s)
Unnamed Creek, Fifteen Mile Creek (@ RM 721.5)
Unnamed Creek, Fifteen Mile Creek (@ RM 721.5)
Unnamed Creek. Hope Creek, Fifteen Mile Creek (@ RM 721.5)
Unnamed (intermitent) Creek (@ RM 735)
Deep Creek (@ RM 737)
Unnamed Creek, Rattlesnake Creek (@ RM 727.5)
Overland, through Northport (@ RM 734)

Deep Creek (@ RM 737)
Deep Creek (@ RM 737)
Deep Creek (@ RM 737)
Deep Creek (@ RM 737)
Deep Creek (@ RM 737)
Unnamed Creek, Flat creek (@ RM 721.5)
Unnamed (intermittent) Creek (@ RM 735)
Overland (@ RM 735)
Overland (@ RM 735)
Tom Bush Creek, overland (1,100 ft) (@ RM 742.5)
Unnamed Creek, Squaw Creek (@ RM 721.5)

Key: j

E = East. .

Lat = Latitude.

Long = Longitude. .

N = North.

R = Range.

RM = Road Mile.
S = Section.

T = Township.
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Source: Cominco American, Inc. 2000.
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Source: Ecology 2000.
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Source: DeLorme 1998; Department of Lands, Forests, and Water Resources [1959] 1971.
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2. MEASUREMENT/DATA ACQUISITION

2.1 SAMPLING PROCESS DESIGN

During the Upper Columbia River ESI, samples will be collected from locations or features

considered to be potential contamination sources, from selected PPE locations, and pathway targets at the

Pend Oreille Mine, LeRoi Company Smelter, and Pend Oreille River. The locations or features to be

sampled will be determined based on information derived from a review of background information,

interviews with mine and mill representatives, visits to the mines and mills including volume of wastes

observed, and XRF screening results. Table 2-1 provides information regarding the sampling design and

whether the measurement is considered critical or noncritical.

At the time of sampling, site-specific conditions (i.e., topography or visual evidence of

contamination) will be evaluated and incorporated, when applicable, into the placement of sampling

locations. Other conditions potentially contributing to deviations from the projected sampling locations

include new observations or information obtained in the field that warrant an altered sampling approach,

difficulty in reaching a desired soil sampling depth caused by adverse soil conditions or obstructions, or

limited access to a sampling location. Significant deviations from the planned sampling locations or

number of samples to be collected will be discussed with the EPA TM before implementation and will be

documented on a Sample Plan Alteration form. A sample form is included in Appendix B. Every

attempt will be made to collect representative samples with the equipment being used.

This section describes sample locations (Section 2.1.1); XRF screening (Section 2.1.2); GPS

(Section 2.1.3); logistics (Section 2.1.4); cooler return (Section 2.1.5); coordination with federal, state,

tribes, local authorities, and other EPA contractors (Section 2.1.6); and the proposed schedule

(Section 2.1.7).

2.1.1 Sample Locations

Sample locations will be selected to achieve the objectives discussed in Section 1.3.1. All

samples will be submitted for off-site fixed laboratory analysis. Soil, surface water, sediment, and

groundwater samples will be analyzed for TAL metals including mercury (Contract Laboratory Program

Analytical Services [CLPAS] ILM04.1). Soil samples from mill areas will also be analyzed for

chlorinated pesticides/PCBs (CLPAS OLM04.2).

10:START-2\OI020028\S643 2-1



Table 2-2 presents the anticipated number and types of samples, analytical methods, specific

requirements for sample container size and type, sample preservation requirements and holding times,

and special handling requirements. Table 2-3 summarizes the number of QA/quality control (QC)

samples to be submitted according to the method requirements. All surface soil samples will be collected

from 0 to 6 inches below ground surface (bgs). A summary of sampling locations and rationale is

provided below:

Tailings Piles/Ponds. Mine tailings that were deposited during mining activities may be
impacting surface water and sediments in the Upper Columbia River Basin. Two
discrete surface soil grab samples at the potential drainage routes and one surface soil
grab sample at the native soil interface will be collected from each tailing pile/pond. It is
anticipated that 32 of the 80 mines and mills may have at least one tailings pile/pond.
Up to three sets of samples will be collected from each tailings pile/pond. It is
anticipated that 50% of the 80 sites (excluding 16 sites which have no surface water
migration pathway and the Pend Oreille Mine), or 32 sites, will have at least one tailings
pile/pond. Up to three tailings piles will be sampled at each property. The surface soil
samples will be collected from 0 to 6 inches bgs. If wetlands are noted in the
downgradient-area of a tailings pile and are larger than 0.1 mile, a sediment sample will
be collected from 0 to 6 inches bgs. Up to three wetland sediment samples will be
collected during the project.

Waste Rock Piles. Waste rock that was deposited during mining activities may be
impacting surface water and sediments in the Upper Columbia River Basin. One surface
soU sample (0 to 6 inches bgs) at the potential drainage route will be collected for every
1,000 cubic yards of waste rock. Up to three discrete grab samples will be collected
from each waste rock pile. It is anticipated that 32 of the 80 mines and mills may have at
least one waste rock pile. Only one waste rock pile at the adit elevation and one waste
rock pile at the mill elevation, as applicable, will be sampled at each mine/mill.

Mill Soil Area. Evidence of former mills, such as a concrete foundation, has been
reported at several locations to be visited. If evidence of a mill is present, then three
discrete surface soil grab samples will be collected from each structure or former
structure. The surface soil samples will be collected from 0 to 6 inches bgs. A
maximum of three surface soil samples will be collected at each mine/mill.

Mine Adits. Adit discharge may be impacting surface water and sediments in the Upper
Columbia River Basin. If flowing water is present, then one surface water sample will
be collected from each of the adits located at each mine. A maximum of 20 adits will be
sampled for all the mines.

Pend Oreille River Sampling. Up to five co-located surface water and sediment sample
sets along the Pend Oreille River, in addition to 6 additional sediment samples along the
Pend Oreille River, are proposed for the Pend Oreille Mine. Refer to Figure 1-28 for
proposed sample locations at the Pend Oreille Mine.
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PPE Samples:

Contaminants may be impacting surface water and sediments in the Upper Columbia
River Basin. If flowing water is present on a mine or mill, then one surface water sample
will be collected from each of the PPEs identified. A maximum of 20 surface water PPE
samples will be collected in the Upper Columbia River study area.

Background Samles'

Background Soil Samples. Up to 20 representative background surface soil samples
having similar characteristics to all the surface soil samples will be collected from
unimpacted soil. A visual grain-size analysis using Unified Soil Classification System
terms consistent with the American Society of Testing and Materials Test Method D
2488-9361 will be recorded to ensure adequate comparability of background samples
(Appendix C).

Background Surface Water/Sediment Samples. One representative background
co-located surface water and sediment sample set having similar characteristics to the
surface water and sediment samples collected from the Pend Oreille River will be
collected from a location upgradient from.the Pend Oreille Mine. One representative
contribution co-located surface water and sediment sample set will be collected from
Threemile Creek. One contribution co-located surface water and sediment sample set
will be collected from Creek One near the Pend Oreille Mine. Two additional
background sediment samples are proposed having similar characteristics to the sediment
samples collected along the Pend Oreille River. Refer to the Sample Alteration Form for
further details and sample locations.

"The term background is used in the context as it is defined in Hazard Ranking System scoring
and not as its common usage as part of a remedial investigation/feasibility study process.
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Tributary Sampling. Nine sediment samples are proposed to be collected on tributaries /*»•
flowing into the Pend Oreille River. Refer to the Sample Alteration Form for further \_
details and sample locations.

Groundwater Well Sampling. Two groundwater samples will be collected, depending
on accessibility, to determine if groundwater at these well locations is being impacted as
a result of a release from the Pend Oreille Mine and the LeRoi Company Smelter.

Other Potential Contaminant Source Areas. Storage and disposal practices at a
number of the mines and mills is unclear. If evidence of potential contamination source
areas are observed, for instance, stained soil surrounding improperly disposed drums and
containers, then up to two surface soil samples will be collected from 0 to 6 inches bgs.
A maximum of 20 surface soil samples will be collected in the Upper Columbia River
study area.



2.1.2 XRF Screening

At the direction of the EPA TM, approximately five soil locations per source will be analyzed

in-situ for 120 seconds using NITON Corporation XL-700 Series XRF instruments for mercury, lead, and

zinc. National Institute of Standards and Technology-traceable standards will be used for calibration

prior to analysis, which will follow the EPA Region 10 START-2 SOP for X-Ray Fluorescence Field

Screening, EPA SW-846 Method 6200 (Field Portable X-Ray Fluorescence Spectrometry for the

Determination of Elemental Concentrations in Soil and Sediment), and the manufacturer's instructions

(Appendices D, E, and F). The sum of the concentrations of these elements will be used to determine the

three highest total concentrations; soil samples for laboratory analysis will be collected from these

locations. Confirmation analysis will be performed at the MEL or a CLP laboratory as designated by the

EPARSCC. -

2.1.3 Global Positioning System

GPS units with data loggers will be used to identify the location coordinates of every sample

collected, as well as to delineate the boundaries of the potential source areas. GPS coordinates will be

provided in the final ESI report as an appendix. GPS units will also be used to identify all mines and

mills not sampled, but accessed and documented. The START-2 will obtain differential correction data

from a local source prior to the start of the survey in order to improve the survey resolution.

2.1.4 Logistics

Property owners or representatives of the mines and mills located on private property will be

identified and consent for access will be requested prior to conducting ESI field work. Mines and mills

located on federally-owned lands will be identified and the appropriate federal agency will be informed

of the planned visits. Property owners or representatives will be provided advance notification of the

planned visit to their mine or mill and provided the opportunity to be present during the visit. The mines

and mills are accessible by vehicle and on foot. Sample aliquots collected for fixed laboratory analysis

will be delivered to the EPA, Region 10, laboratory or an alternative laboratory as directed by EPA. All

samples will be shipped at the end of each week in the field by a commercial airline for express delivery.

Sample control and shipping are discussed in Section 2.3.
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2.1.5 Cooler Return

For laboratories other than the EPA, Region 10, laboratory, E & E will provide completed airbills

accompanied by plastic envelopes with adhesive backs and address labels in the COC bags taped inside

of the cooler lids so the laboratory can return the coolers to E & E. The airbills will contain the

following notation: 'Transportation is for the U.S. Environmental Protection Agency, and the total actual

transportation charges paid to the carrier(s) by the consignor or consignee shall be reimbursed by the

Government, pursuant to cost reimbursement contract No. 68-SO-01-01." This notation will enable the

laboratories to return the sample coolers to E & E's warehouse. The airbills will be marked for

second-day economy service and will contain the appropriate TDD number for shipment.

For the EPA, Region 10, laboratory, an arrangement by E & E for cooler return in this manner is

not required.

2.1.6 Coordination with Federal, State, Tribes, Local Authorities, and other EPA Contractors

The EPA has directed that the TM will be the point of contact with all other federal, state, tribal,

and local officials as well as with the property owners, public, and other contractors employed by the

EPA.

The START-2 will keep the TM apprised of field event progress and issues that may affect the

schedule or outcome of the Upper Columbia River ESI, discuss any problems encountered, inform the

EPA of unusual contacts with the public or media, and obtain guidance from the EPA regarding project

activities when required. Additionally, the START-2 will notify the EPA RSCC of changes to the

sampling schedule for MEL and/or CLP analyses and provide shipping information regarding every

sample shipment within 24 hours of shipment or before noon on Friday for Saturday delivery.

Before initiation of the ESI field activities, the START-2 will notify the property owners of the

START-2's field schedule and sampling plan. The EPA TM will maintain regular communication with

Tribal representatives regarding field activities and schedule. The EPA TM will be the liaison for all

contacts between the START-2 and other contractors before, during, and after this field event.

2.1.7 Schedule

The schedule for implementing the Upper Columbia River ESI is intended to be used as a guide.

Adjustments to the implementation dates and the estimated project duration may be necessary to account

for variable unforeseen or unavoidable conditions that the field team may encounter. Examples include

inclement weather, difficulties in accessing a sampling location, or additional time needed to complete a
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task. Significant schedule changes that arise in the field will be discussed with the TM at the earliest

possible convenience.

ESI fieldwork is expected to commence on Sunday, June 17,2001, and will conclude on June 30,

2001. This period comprises one day of mobilization, one day of demobilization, and 12 days to

complete field activities. Outdoor work will be conducted during daylight hours only.

2.2 SAMPLING METHOD REQUIREMENTS

This section describes the sampling methods (Section 2.2.1), sampling equipment

decontamination (Section 2.2.2), investigation-derived wastes (JDWs; Section 2.2.3), and SOPs

(Section 2.2.4).

22.1 Sampling Methods

The START-2 PM and EPA TM will be responsible for ensuring that appropriate sample

collection procedures are followed and will take appropriate actions to-correct any deficiencies. All

samples will be maintained under COC and will be stored and shipped in iced coolers. The sampling

methods for each medium are as follows:

Tailings Piles/Ponds, Waste Rock Piles, Mill Soil Area, Other Potential
Contaminant Source Areas. Surface soil samples (0 to 6 inches bgs) will be collected
using a dedicated plastic or Teflon scoop for TAL sample aliquots and stainless steel
spoons for pesticide/PCB sample aliquots. Collected material will be placed in a
dedicated plastic or Teflon bowl (stainless steel bowls for pesticide/PCB aliquots),
thoroughly homogenized, and placed into prelabeled sample containers. For crushed
waste rock samples, an attempt to separate the coarse material from the desired fine
material will be made by placing the sample into a plastic bag and agitating it. Coarse
materials will be discarded and the fines will be throughly homogenized and placed into
a prelabeled sample container. SOP guidelines for subsurface soil sampling are provided
in Appendix A.

• Adit Water and PPE Sampling. Surface water samples will be collected either by
hand-dipping the sample container into the water at well-mixed locations within the river
and spring, if possible, or by creating a funnel with a dedicated 1-liter polyethylene
sample bottle with the bottom of the bottle removed. If sampling requires the sampler to
enter the water, the sampler will enter downstream of the sample location. An aliquot
sample will be collected separately and tested immediately for pH using pH paper. The
preserved aliquot will be tested for pH following preservation to ensure the appropriate
pH level has been achieved.
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• Surface Water Sampling. Surface water samples will be collected either by /""
hand-dipping the sample container into the water at well-mixed locations within the \^J
river, if possible, or be creating a funnel with a dedicated 1-liter polyethylene sample
bottle with the bottom of the bottle removed. Surface water samples will be collected
prior to the collection of sediment samples. If sampling required the sampler to enter the
water, the sample will be collected from a small fiberglass hull boat. An aliquot sample
will be collected separately and tested immediately for pH using pH paper. The
preserved aliquot will be tested for pH following preservation to ensure the appropriate
pH level has been achieved.

• Sediment Sampling. Sediment samples will be collected from 0 to 6 inches below the
surface water/sediment interface using dedicated plastic or Teflon scoops after the
corresponding co-located Surface water has been collected. All sediment samples will be
homogenized thoroughly in dedicated plastic or Teflon bowls, and excess water will be
decanted before the samples are placed into prelabeled sample containers. Samples will
be collected starting at the most downstream location and continuing upstream to reduce
the potential of cross-contamination. Guidelines for sediment samples are contained in
the SOP found in Appendix A.

• Groundwater Well Sampling. Groundwater samples_collected from domestic wells
will be collected using dedicated, disposable Teflon bailers. Groundwater retrieved in
the bailers will be poured directly into prelabeled sample containers. Procedures for well
purging and sampling are provided in the groundwater well sampling SOP in
Appendix A. ,.^

2.23 Sampling Equipment Decontamination

To the greatest extent possible, disposable and/or dedicated personal protective and sampling

equipment will be used to avoid cross-contamination. When required, decontamination will be

conducted in a central location, upwind and away from suspected contaminant sources. The following

procedures (as listed in Appendix A) are to be used for all sampling equipment used to collect routine

samples undergoing trace organic or inorganic constituent analyses:

1. Clean with tap water and nonphosphate detergent, using a brush if necessary to remove
particulate matter and surface films.

2. Rinse thoroughly with tap water.

3. Rinse with 10 percent nitric acid.

4. Rinse thoroughly with type n reagent-grade water.

5. Rinse with laboratory-grade hexane.

6. Air dry the equipment completely.

7. Rinse again with type II reagent-grade water.

o
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8. Remove the equipment from the decontamination area and cover with plastic.
Equipment stored overnight should be wrapped in aluminum foil and covered with clean,
unused plastic.

2.23 Investigation-Derived Wastes

The START-2 field team members will make every effort to minimize the generation of IDWs

throughout the field event. All wastewater will be contained in 5-gallon drums, labeled, and disposed of

at an approved facility based on ESI analytical results from the matrix samples. No wastewater is

anticipated during the fieldwork. Disposable personal protective clothing and sampling equipment

generated during field activities will be rendered unusable by tearing (when appropriate), bagged in

opaque plastic garbage bags, and disposed of at an approved facility based on analytical results from

matrix samples.

22.4 Standard Operating Procedures

The START-2 will utilize the following SOPs (Appendix A) while performing field activities:

• Field Activity Logbooks,

• Surface Water Sampling,

• Soil Sampling,

• Sediment Sampling,

• Groundwater Well Sampling,

• Sample Packaging, and

• Sampling Equipment Decontamination.

2.3 SAMPLE HANDLING AND CUSTODY REQUIREMENTS

This section describes sample identification and COC procedures that will be used for the Upper

Columbia River ESI mine and mill field activities. The purpose of these procedures is to ensure that the

quality of samples is maintained during collection, transportation, storage, and analysis. All COC

requirements comply with E & E's SOPs for sample handling. All sample control and COC procedures

will follow the EPA (1991) User's Guide to the Contract Laboratory Program.

Examples of sample documents used for custody purposes are provided in Appendix B and

include the following:
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• Sample identification numbers,

• Sample tags or labels,

• Custody seals,

• COC and traffic report records,

• Sample collection forms,

• Analytical request forms, arid

• Analytical records.

During the field effort, the project manager or delegate will be responsible for maintaining an

inventory of these sample documents. This inventory will be recorded in a cross-referenced matrix of the

following:

• Sample location,

• Sample identification number,

• Analyses requested and request form number(s),

• COC record numbers,

• Bottle lot numbers, and

• Airbill numbers.

Brief descriptions of the major sample identification and documentation records and forms are

provided below.

23.1 Sample Identification

All samples will be identified using the sample numbers assigned by the EPA RSCC. Each

sample label will be affixed to the jar and covered with clear tape. A sample tracking record will be kept
\

as each sample is collected. The following will be recorded: location, matrix, sample number,

observations, and depth. In addition to the EPA-assigned sample number, samples will be tracked with a

sample code system designed to allow easy reference to the sample's origin and type. The sample code

key will not be provided to the laboratory. Table 2-4 summarizes the sample tracking codes and

locations.

, U
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23.1.1 Sample Tags and Labels

Sample tags attached to or fixed around the sample container will be used to identify all samples

collected in the field. The sample tags will be placed on bottles so as not to obscure any QA/QC lot

numbers on the bottles, and sample information will be printed legibly. Field identification will be

sufficient to enable cross-reference with the project logbook. For COC purposes, all QA/QC samples

will be subject to the same custodial procedures and documentation as project samples.

To minimize handling of sample containers, labels will be completed before sample collection to

the extent possible. In the field, the labels will be filled out completely using waterproof ink, then

attached firmly to the sample containers and protected with clear tape. The sample label will provide the

following information:

• EPA Sample number,

• Sample location number,

• Date and time of collection,

• Analysis required,

• Initials of sampler, and

• pH and preservation (when applicable).

2.3.12 Custody Seals

Custody seals are preprinted gel-type seals, designed to break into small pieces if disturbed.

Sample shipping containers (e.g., coolers, drums, and cardboard boxes, as appropriate) will be sealed in

as many places as necessary to ensure security. Seals will be signed and dated before use. Clear tape

will be placed over the middle of the seals to ensure that they are not broken accidentally during

shipment. Upon receipt of shipment at the laboratory, the custodian will check (and certify by

completing the package receipt log) that seals on shipping containers are intact.

2.3.1.3 Chain-of-Custody Records and Traffic Reports

For samples to be analyzed at a CLP laboratory, the COC record and analytical traffic report

forms will be completed as described in User's Guide to Contract Laboratory Program (EPA 1991).

The EPA's FORMS n Lite software will be used to electronically enter information for the COC and

traffic report forms. The COC record and analytical traffic reports will be completed fully at least in
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duplicate by the field technician designated by the project manager as responsible for sample shipment to -gj?--

the appropriate laboratory. Information specified on the COC record will contain the same level of detail >«•/

found in the project logbook, except that the on-site measurement data will not be recorded. The custody

record will include the following information:

• Name and company or organization of person collecting the samples;

• Date samples were collected;

• Type of sampling conducted (composite or grab);

• Sample number (using those assigned by the EPA RSCC);

• Location of sampling station (using the sample code system described in Table 2-4);

• Number and type of containers shipped;

• Analysis requested; and

• Signature of the person relinquishing the samples to the transporter, with the date and
time of transfer noted and the signature of the designated sample custodian at the
receiving facility.

If samples require rapid laboratory turnaround, the person completing the COC record will note

these or similar constraints in the remarks section of the custody record.
/•

The relinquishing individual will record all shipping data (e.g., airbill number, organization,

time, and date) on the original custody record, which will be transported with the samples to the

laboratory and retained in the laboratory's file. Original and duplicate custody records, together with the

airbill or delivery note, constitute a complete custody record. It is the project manager's responsibility to

ensure that all records are consistent and that they become part of the permanent job file.

23.1.4 Field Logbooks and Data Forms

Field logbooks (or daily logs) and data forms are necessary to document daily activities and

observations. Documentation will be sufficient to enable participants to reconstruct events that occurred

during the project accurately and objectively at a later time. All daily logs will be kept in a bound

notebook containing numbered pages. All entries will be made in waterproof ink, dated, and signed. No

pages will be removed for any reason.

Minimum logbook content requirements are described in the E & E SOP entitled Preparation of

Field Activity—Logbooks (Appendix A). If corrections are necessary, they will be made by drawing a

single line through the original entry (so that the original entry is legible) and writing the corrected entry

. u
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alongside. The correction will be initialed and dated. Corrected errors may require a footnote explaining

the correction.

2.3.1.5 Photographs

Photographs will be taken as directed by the team leader. Documentation of a photograph is

crucial to its validity as a representation of an existing situation. The following information concerning

photographs will be noted in the project or task log:

• Date, time, and location where photograph was taken,

• Photographer,

• Weather conditions,

• Description of photograph taken,

• Sequential number of the photograph and the film roll number,

• Camera lens system used, and "~ . •

• Direction.

132 Custody Procedures

The primary objective of COC procedures is to provide an accurate written or computerized

record that can be used to trace the possession and handling of a sample from collection to completion of

all required analyses. A sample is in custody when it is:

• In someone's physical possession,

• In someone's view,

• Locked up, or

• Kept in a secured area that is restricted to authorized personnel.

2.3.2.1 Field Custody Procedures

The following guidance will be used to ensure proper control of samples while in the field:

• As few people as possible will handle samples;

• Coolers or boxes containing cleaned bottles will be sealed with a custody tape seal
during transport to the field or while in storage before use. Sample bottles from unsealed
coolers or boxes, or bottles that appear to have been tampered with, will not be used;
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• The sample collector will be responsible for the care and custody of collected samples
until they are transferred to another person or dispatched properly under COC rules;

• The sample collector will record sample data in the field logbook; and

• The property team leader will determine whether proper custody procedures were
followed during the fieldwork and will decide whether additional samples are required.

When transferring custody (i.e., releasing samples to a shipping agent), the following will apply:

• The coolers in which the samples are packed will be sealed and accompanied by the
COC records. When transferring samples, the individuals relinquishing and receiving
them must sign, date, and note the time on the COC record. This record will document
sample custody transfer;

• Samples will be dispatched to the laboratory for analysis with separate COC records
accompanying each shipment. Shipping containers will be sealed with custody seals for
shipment to the laboratory. The COC records will be signed by the relinquishing
individual, and the method of shipment, name of courier, and other pertinent information
will be entered in the COC record before placement inthe shipping container;

• All shipments will be accompanied by COC records identifying their contents. The
original custody records kept in a sealed Ziploc bag and taped inside the lid of the cooler
will accompany each cooler shipment. The other copies will be distributed appropriately
to the property team leader and project manager; and f \

• If sent by common carrier, a bill of lading will be used. Freight bills and bills of lading
will be retained as part of the permanent documentation.

2.3.2.2 Laboratory Custody Procedures

A designated sample custodian at the laboratory will accept custody of the shipped samples from

the carrier and enter preliminary information about the package into a package or sample receipt log,

including the initials of the person delivering the package and the status of the custody seals on the

coolers (i.e., broken versus unbroken). The custodian responsible for sample log-in will follow the

laboratory's SOP for opening the package, checking the contents, and verifying that the information on

the COC agrees with samples received. The CLP or MEL will follow internal COC procedures as stated

in the laboratory QA Manual.

The laboratory will check the temperature blank inside the cooler, and document it in the sample

log-in form. Should the temperature be greater than what is required by the Statement of Work or the

method, the sample custodian will inform the region and proceed to follow the course of actions

stipulated in the SOW or specified by the regional QA Officer.

o
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2.4 ANALYTICAL METHOD REQUIREMENTS

This section discusses the analytical strategy (Section 2.4.1) and analytical methods

(Section 2.4.2).

2.4.1 Analytical Strategy

Analysis of samples collected during the ESI will be performed by several possible means. The

EPA, Region 10, laboratory (or alternative laboratory designated by the EPA) will perform all requested

analyses.

The analyses to be applied to samples sent to these laboratories are listed in Table 2-2. These

analyses were selected based on the probable hazardous substances used or potentially released to the

environment, given the known or suspected mine or mill usage.

2.4.2 Analytical Methods

Samples designated for off-site analytical laboratory analyses will be submitted to the EPA,

Region 10, laboratory located in Manchester, Washington, or an alternative laboratory designated by the

EPA. EPA and/or CLP laboratory analyses will take place under a three-week turnaround time period,

with validation by the EPA QA office for these analyses taking place under the standard three-week

turnaround time period. Hardcopy results from the EPA and/or CLP laboratories will be delivered to the

EPA upon completion. Tables 2-1 and 2-2 provide a detailed list of sampling and analytical requirements

and target DQOs for this project. Table 2-3 summarizes laboratory instrumentation and methods to be

used for the ESI.

2.5 QUALITY CONTROL REQUIREMENTS

QC checks for sample collection will be accomplished by a combination of COC protocols and

laboratory QA as prescribed in the sampling or analytical methods. No QC samples (i.e. double blind

performance evaluation samples) are planned for this activity outside normal laboratory QC criteria

outlined in the analytical methods. These QC samples include rinsate and method blanks; temperature

blanks; matrix spikes; and calibration check samples. Results from these samples will be compared to

the QC requirements listed in Section 4.1.2. All of the analyses that will be performed for this project

will produce definitive data. DQI targets for this project are specified in Section 1.4 and are summarized

in Table 2-2 of this SQAP. Bias on estimated flagged data shall be determined by the validation process.
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The laboratories' DQOs for representativeness are set at 90 percent. Precision and accuracy
.

requirements are outlined in Table 2-3.

One temperature blank consisting of a 40-milliliter glass vial of distilled water will be included

in each cooler shipped to the analytical laboratories. Temperature blanks allow the laboratories to obtain

a representative measurement of the temperature of samples enclosed in a cooler without disturbing the

actual samples. The field team will package and label the temperature blank like a regular water sample,

however the analytical laboratory will only measure the temperature of the blank. The temperature blank

will not be analyzed for hazardous substances, will not be given a sample number, and will not be listed

on the COC. The temperature blank will be clearly labeled: USEPA COOLER TEMPERATURE

INDICATOR.

2.6 INSTRUMENT/EQUIPMENT TESTING, INSPECTION, AND MAINTENANCE

REQUIREMENTS

The field equipment used during this project includes NITON XRF instruments, GPS units, and

Jerome 431-X Mercury Vapor Analyzers. The Mercury Vapor Analyzers will be used to continuously

monitor the breathing zone during sample collection activities for health and safety purposes only.

Testing, inspection, and maintenance of the all field equipment will be performed in accordance with the \

manufacturer's recommendations (Appendices F and G). Spare parts for the field equipment will be

available from the manufacturer or regional representative generally within 24 hours.

All field instruments and equipment used for field laboratory analysis will be serviced and

maintained only by qualified personnel. All instruments will be maintained by senior staff and/or

electronics technicians. All repairs, adjustments, and calibrations will be documented in an appropriate

logbook or data sheet that will be kept on file. The instrument maintenance logbooks will clearly

document the date, the description of the problems, the corrective action taken, the result, and who

performed the work.

All equipment used by E & E in the field is subject to standard preventive maintenance schedules

established by corporate equipment protocols. When in. use, equipment will be inspected at least twice

daily, once before startup in the morning and again at the end of the work shift before overnight storage

or return to the charging rack. Regular maintenance, such as cleaning of lenses, replacement of in-line

filters, and removal of accumulated dust, is to be conducted according to manufacturers'

recommendations and in the field as needed, whichever is appropriate. All performed preventive

maintenance will be entered in the individual equipment's logbook and in the field logbook.

o
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In addition to preventive maintenance procedures, calibration checks will be performed at least

once daily before equipment use and recorded in the respective logbooks. Additional calibration checks

will be performed as required. All logbooks will become part of either the permanent project file or the

permanent equipment file.

2.7 INSTRUMENT CALIBRATION AND FREQUENCY

All instruments and equipment used during fixed laboratory sample analyses will be operated,

calibrated, and maintained according to the manufacturers' guidelines and recommendations, as well as

criteria set forth in the applicable analytical methodology references and/or in accordance with the

laboratory's QA Manual and SOPs.

For field instrumentation (NITON XRF, GPS, and the Jerome 431-X Mercury Vapor Analyzers),

the calibration will be performed in accordance with the manufacturers' recommendations.

2.8 INSPECTION/ACCEPTANCE REQUIREMENTS FOR SUPPLIES AND
CONSUMABLES

This information is covered by the SOPs, the START-2 QAPP, and the START-2 QMP

(E & E 2001b). Standards contained in these documents will be used to ensure the validity of data

generated by E & E for this project. Sample jars are precleaned by the manufacturer; certification

documenting this is enclosed with each box of jars. The START-2 will include this documentation as

part of the project file. Nondedicated sampling equipment is demonstrated to be uncontaminated by the

use of rinsate blanks.

2.9 DATA ACQUISITION REQUIREMENTS (NONDIRECT MEASUREMENTS)

No data from other sources will be used.

2.10 DATA MANAGEMENT2.10 DATA MANAGEMENT

This document is meant to be combined with information presented in E & E's QAPP and QMP

for the START-2, Region 10. Copies of the START-2 QAPP and QMP are available in E & E's Seattle,

Washington, office. Standards contained in these documents will be used to ensure the validity of data

generated by E & E for this project. The MEL and/or CLP laboratory will provide CLP-equivalent

deliverables to the EPA validation chemist within three weeks of sample receipt. Data validation will be

performed within three weeks of receipt of the data package and will consist of the deliverables as
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described in Section 4.1.2. Data tracking, storage, and retrieval are tracked on the TDD "blue sheet,"

which records where the paper and electronic data are located. All paper data are stored in locked file

cabinets; access to these files is restricted to key START-2 personnel. Electronic data are archived by

TDD.

•u
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Table 2-1

SAMPLE INFORMATION SUMMARY
UPPER COLUMBIA RIVER EXPANDED SITE INSPECTION/MINES AND MILLS

NORTHEAST WASHINGTON

Project
Sampling
Location

Five soil
locations per
source

Tailings
Piles/Ponds

Waste Rock
Piles

Mill Soil

Other
Potential
Contaminant
Source Areas

Mine Adits

Probable
Point of
Entry
Samples

Surface
Water

Sediment

Parameter/Limits

Lead, mercury, zinc/
Instrument detection limit

TAL metals/CRDL

TAL metals/CRDL

TAL metals/CRDL;
Pesticides/PCBs/CRQL

TAL metals/CRDL

TAL metals/CRDL

TAL metaJs/CRDL

TAL metals/CRDL

TAL metals/CRDL

Design
Rationale

Determine three
highest source
concentrations.

Determine the
presence of
hazardous
substances.

Determine the
presence of
hazardous
substances.

Determine the
presence of
hazardous
substances.

Determine the
presence of
hazardous
substances.

Determine the
presence of
hazardous
substances.

Determine the
presence of
hazardous
substances.

Determine the
presence of
hazardous
substances.

Determine the
presence of
hazardous
substances.

Sampling Design Assumptions

Residual contamination may exist from past
operations. Federal listed endangered and
threatened species may be impacted.

Mine tailings contain hazardous substances which
are potentially discharging into the Upper
Columbia River Basin. Federal listed endangered
and threatened species may be impacted.

Waste rock may contain hazardous substances
which are potentially affecting Federal listed
endangered and threatened species.

Residual contamination may exist from past
operations. Federal listed endangered and
threatened pecies may be impacted.

Residual contamination may exist from past
operations. Federal listed endangered and
threatened species may be impacted.!

Mine adit water may contain hazardous
substances which are potentially affecting Federal
listed endangered and threatened species.

Hazardous substances may have migrated into the
Upper Columbia River Basin.

Hazardous substances may have migrated into the
Pend Oreille River. On-site workers and Federal
listed endangered and threatened species may be
impacted.

Hazardous substances may have migrated into the
Pend Oreille River. On-site workers and Federal
listed endangered and threatened species may be
impacted.

Sample Selection
Procedures"

In situ analysis at
potentially
contaminated areas.

Collected from
potentially
contaminated areas.

Collected from
potentially
contaminated areas.

Collected from
potentially
contaminated areas.

Collected from
potentially
contaminated areas.

Collected from
potentially
contaminated areas.

Collected from
potentially
contaminated areas.

Collected from
potentially
contaminated areas.

Collected from
potentially
contaminated areas.

Measurement
Classification

Non critical

Critical

Critical

Critical

Critical

Critical

Critical

Critical

Critical

Non-
Standard
Method

Validation"

EPA Method
6200 and
START-2

XRF
guidelines.

NA

NA

NA

NA

NA

NA

•

NA

NA



Table 2-1

SAMPLE INFORMATION SUMMARY
UPPER COLUMBIA RIVER EXPANDED SITE INSPECTION/MINES AND MILLS

NORTHEAST WASHINGTON

Project
Sampling
Location

Groundwater

Background-
All Locations

Parameter/Limits

TAL metals/CRDL

TAL metals/CRDL;
Pesticides/PCBs/CRQL

Design
Rationale

Determine the
presence of
hazardous
substances.

Determine
background
concentrations.

Sampling Design Assumptions

A well is located on-site near a waste rock pile
which contains hazardous substances which are
potentially contaminating the groundwater. On-
property workers and Federal listed endangered
and threatened species may be impacted.

Locations are native areas where no contaminants
were deposited.

Sample Selection
Procedures1

Collected from
potentially
contaminated areas.

Collected from
potentially
contaminated areas.

Measurement
Classification

Critical

Critical

Non-
Standard
Method

Validation"

NA

NA

' Sample locations will be determined from on-site observations and historical information.
" Data will be validated based on the laboratory statement of work QC limits and laboratory and method QC limits.

Key:

CRDL = Contract-required detection limit. PCBs = Polychlorinated biphenyls
Critical = Required to achieve project objectives or limits on decision errors. Pesticides = Chlorinated pesticides
CRQL ' = Contract-required quantitation limit. QC = Quality control.
NA = Not Applicable. • TAL = Target Analyte List.
Non Critical = For informational purposes only.



Table 2-2

SAMPLE ANALYSES SUMMARY
UPPER COLUMBIA RIVER EXPANDED SITE INSPECTION/MINES AND MILLS

NORTHEAST WASHINGTON

Location

Tailings
Piles/Ponds

Waste Rock
Piles

Mill Soil

Other
Potential

Contaminant
Source Areas

Adit Water

Probable
Point of

Entry
Samples

Pend Oreille
River and

Tributaries

Matrix1

Surface Soil
(Up to 5 in situ XRF

analyses per source and
up to 3 samples per

pile/pond)

Surface Soil
(Up to 5 in situ XRF

analyses per source and
up to 3 samples per

pile)

Surface Soil
(Up to 5 in situ XRF

analyses per source and
up to 3 samples per mill
building for a maximum

of 24 samples)

Surface Soil
(Up to 20 samples)

Surface Water
(Up to 20 samples)

Surface Water
(Up to 20 samples)

Surface Water
(5 samples)

Sediment
(20 samples)

Analytical Parameters and
Method

Target Analyte List metals
(CLPAS)ILM04.I

Target Analyte List metals
(CLPAS)ILM04.1

Lead, mercury, and zinc
EPA Method 6200

Target Analyte List metals
(CLPAS)ILM04.1

Pesticides/PCBs
(CLPAS) OLM04.2

Target Analyte List metals
(CLPAS) ILM04.1

Target Analyte List metals
(CLPAS) 1LM04.1

Target Analyte List metals
(CLPAS) ILM04.1

Target Analyte List metals
(CLPAS) ILM04.1

Target Analyte List metals
(CLPAS) ILM04.1

Pesticides/PCBs
(CLPAS) OLM04.2

Sample
Preservation

Coolto4°C±2°C

Coolto4°C±2°C

Not applicable

Coolto4°C±2°C

Coolto40C±2°C

Coolto4°C±2°C

Coolto40C + 2°C;
HNOjtopH<2

Cool to 4°C + 2°C;
HNO3 topH<2

Coolto4°C + 2°C;
HNOj to pH < 2

Coolto4°C±2°C

Coolto4°C±2°C

Technical Holding Time"

1 80 days from collection
(28 days for mercury)

180 days from collection
(28 days for mercury)

Not applicable

1 80 days from collection
(28 days for mercury)

14 days from collection to extraction;
40 days from extraction to analysis

1 80 days from collection
(28 days for mercury)

1 80 days from collection
(28 days for mercury)

180 days from collection
(28 days for mercury)

180 days from collection
(28 days for mercury)

180 days from collection
(28 days for mercury)

14 days from collection to extraction;
40 days from extraction to analysis

Sample Containers)
One 8-oz wide-mouth glass jar with

Teflon-lined lid

One 8-oz wide-mouth glass jar with
Teflon-lined lid

In situ

One 8-oz wide-mouth glass jar with
Teflon-lined lid

One 8-oz wide-mouth glass jar with
Teflon-lined lid

One 8-oz wide-mouth glass jar with
Teflon-lined lid

One 8-oz wide-mouth glass jar with
Teflon-lined lid

. One 1 -L polyethylene bottle with
polyethylene-lined lid

One 1-L polyethylene bottle with
polyethylene-lined lid

One 8-oz wide-mouth glass jar with
Teflon-lined lid

One 8-oz wide-mouth glass jar with
Teflon-lined lid



Table 2-2

SAMPLE ANALYSES SUMMARY
UPPER COLUMBIA RIVER EXPANDED SITE INSPECTION/MINES AND MILLS

NORTHEAST WASHINGTON

Location

Groundwater

Background

Background

Background

Matrix8

1 from on-site well at
Pend Oreille Mine; 1
from well adjacent to

LeRoi Company
Smelter

Surface Soil
(Up to 20 samples)

Surface Water
(3 samples)

Sediment
(5 samples)

Analytical Parameters and
Method

Target Analyte List metals
(CLPAS)ILM04.1

Target Analyte List metals
(CLPAS) ILM04.1

Pesticides/PCBs
(CLPAS) OLM04.2

Target Analyte List metals
(CLPAS)1LM04.1

Target Analyte List metals
(CLPAS) ILM04.1

Sample
Preservation

Cool to 4°C + 2°C;
HNOjtopH<2

Coolto4°C±2°C

Coolto4°C±2°C

Cool to 48C + 2°C;
HNOjtopH<2

Cool to 4°C ± 2°C

Technical Holding Time"

1 80 days from collection
(28 days for mercury)

1 80 days from collection
(28 days for mercury)

14 days from collection to extraction;
40 days from extraction to analysis

180 days from collection
(28 days for mercury)

180 days from collection
(28 days for mercury)

Sample Container(s)

One 1 -L polyethylene bottle with
polyethylene-lined lid

One 8-oz wide-mouth glass jar with
Teflon-lined lid

One 8-oz wide-mouth glass jar with
Teflon-lined lid

One 1-L polyethylene bottle with
polyethylene-lined lid

One 8-oz wide-mouth glass jar with
Teflon-lined lid

1 The number of samples presented is an estimate; the actual number of samples to be collected will be determined in the field;
b Technical holding times have been established only for water matrices. Water technical holding times were applied to sediment and soil samples where applicable; in some cases, recommended

sediment/soil holding times are listed.
Key:

CLPAS = Contract Laboratory Program Analytical Services. oz = Ounce.
EPA = United States Environmental Protection Agency. PCBs = Polychlorinated biphenyls.
HNO, = Nitric acid. Pesticides = Chlorinated pesticides
L = Liter. °C = Degrees Celsius-
XRF = X-Ray Fluroescence. '

o
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Table 2-3

QA/QC ANALYTICAL SUMMARY AND FIXED LABORATORY ANALYTICAL METHODS
SAMPLE INFORMATION SUMMARY

UPPER COLUMBIA RIVER EXPANDED SITE INSPECTION/MINES AND MILLS
NORTHEAST WASHINGTON

Laboratory Matrix Parameters (Method)

Method
. Description/

Detection Limits

Total Field
Samples*/
Containers

QA/QC Sample Summary
Analyses/Containers

Trip
Blanks

Rinsate
Blanks"

Organic
MS/MSDC

Inorganic
MS/Dupc

Total Field
and

QA/QC
Analyses/

Containers"

Field XRF Soil Lead, mercury, zinc
EPA Method 6200

XRF/ Instrument
Detection Limit

TBD/NA NA NA NA NA TBD/NA

EPA, Region
10, or CLP
Laboratory

Soil/
Sediment

TAL metals (CLPAS)
ILM04.1

AA and ICP/
CRDL

572 / 572 NA 0/0 NA 29/0 601 / 572

Pesticides/PCBs
(CLPAS) OLM04.2

CCS and ECD/
CRQL

69/69 NA 0/0 4 /0 0/0 73/69

Water TAL metals
(CLPAS) ILM04.1

AA and ICP/
CRDL

50/50 NA NA NA 3 /6 53/56

The total number of field samples is estimated. .
The total number of rinsate blanks could vary depending on the total number of sample shipments. The sample numbers are based on one rinsate per 20 samples per nondedicated sampling
device. Note that rinsate blanks consist of water aliquots for both soil and water field samples.
No extra volume is required for soil/sediment samples; for water samples, triple volume is required for organic analyses and double volume is required for inorganic analyses. Sample
numbers are based on one MS/MSD per 20 samples per matrix.
Total analyses and containers includes field and QA/QC aliquots to be submitted for fixed laboratory analysis. Note that rinsate blanks consist of water aliquots for both soil and water field
samples.

Key.

AA
CLP
CLPAS
CRDL
CRQL
ECD
EPA
GCS

= Atomic absorption furnace technique.
= Contract Laboratory Program.
= Contract Laboratory Program Analytical Services.
= Contract-required detection limit.
= Contract-required quantitation limit.
= Electron capture detection.
= United States Environmental Protection Agency.
= Gas chromatographic separation.

ICP = Inductively coupled argon plasma.
MS/DUP = Matrix spike/duplicate.
MS/MSD = Matrix spike/matrix spike duplicate.
NA = Not applicable.
QA/QC = Quality assurance/quality control.
TAL = Target Analyte List.
TBD = To be determined.
XRF = X-Ray Fluroescence.



Table 2-4

SAMPLE CODING
UPPER COLUMBIA RIVER EXPANDED SITE INSPECTION/MINES AND MILLS

NORTHEAST WASHINGTON

Digits Descriptions Code Example

1,2 Area (mine or mill) AC A&C

AD Admiral Consolidated

AN Anaconda

AL Antelope

BB Blue Bucket

BE Bechtol

BM Bella May

BL Bullion

BR Black Rock

BU Burrus

CA Calhoun

CF Cliff

CK Copper King

CL Clara

CO Coyote

DC Deep Creek

DR Diamond R

EP Electric Point

EV Evergreen

FA Fanner

FS Frisco Standard

GB Gold Bar

GL Gladstone

GW Great Western

HA Hanley

HM Homestake

HO Hoage

HT Hope & Twin Cabins

HU Hubbard

IR Iroquois

JA Jackson

JO Josephine

KE Keystone

KI King Tut

LA Lakeview
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Table 2-4

SAMPLE CODING
UPPER COLUMBIA RIVER EXPANDED SITE INSPECTION/MINES AND MILLS

NORTHEAST WASHINGTON

Digits Descriptions Code Example

1,2 Project Area (mine or mill) LC Last Chance

LE Lehigh No. 1

LF Lucky Four

LH Lead Hill

LK Lead King

LN Lehigh No. 2

LO Lottie

LQ Lead Queen

LR Lone Star

LS Lucky Strike

LT Lead Trust

LU Lucile

MA Magma

ME Metaline

MI Minorca

MK Maki

ML Melrose

MO Morning

MY Myeerah

MV Mountain View

NL New Leadville

NS Northport Smelter (LeRoi Company Smelter)

OR Oriole

PO PendOreille

RD Red Top (Stevens County)

RJ RJ

RO Roosevelt

RT Red Top (Pend Oreille County)

SA Scandia

SC Seaman

SE Sterling

SL Silver Crown

SR Sterrett

ST Silver Trail
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Table 2-4

SAMPLE CODING
UPPER COLUMBIA RIVER EXPANDED SITE INSPECTION/MINES AND MILLS

NORTHEAST WASHINGTON

Digits

1,2

3,4

5,6

7,8

Descriptions

Project Area (mine or mill)

Source Code

Sample Number

Matrix Code

Code Example

SU Sullivan

SZ Sierra Zinc

TH Thompson

TY Tyee

US Uncle Sam

UN United Treasure

VS Van Stone

WA Washington

WC West Contact

YH Yellowhead

ZC Z Canyon

WP (Waste Pile)

MS (Mill Soil)

PP (Probable point of entry)

TP (Tailings Pile/Pond)

BK (Background)

01 01

GW (Groundwater)

SD (Sediment)

SS (Surface Soil)

SW (Surface Water)

\J
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3. ASSESSMENT/OVERSIGHT

3.1 ASSESSMENTS AND RESPONSE ACTIONS

The EPA QA officer or designee may conduct an audit of the field activities for this project. The

auditor will have the authority to issue a stop-work order upon finding a significant condition that would

adversely affect the quality and usability of the data. The EPA TM will have the responsibility for

initiating and implementing response actions associated with findings identified during the project audit.

The actions taken also may involve the EPA project officer, contracting officer, and/or QA officer. Once

the response actions are implemented, the EPA QA officer or designee may perform a follow-up audit to

verify and document that the response actions were implemented effectively. In-house audits performed

by the START-2 may be conducted in accordance with the E & E (200 Ib) START-2 QMP. No audits

are .planned for the Upper Columbia River mines and mills field activities.

3.2 REPORTS TO MANAGEMENT

The START-2 PM will debrief the EPA TM daily. Laboratory deliverables will be as specified

in the CLP Organic and Inorganic Statements of Work (OLM04.2 and ILM04.1, respectively) for CLP

and/or MEL data. No use of commercial laboratories is planned for this project. Once the resulting data

are obtained, the START-2 PM will prepare owner notification tables to be submitted to the EPA TM.

Mine- or mill-specific sample location maps may be requested by the EPA TM. A presentation of

analytical results in tabular format and area-wide sample location maps may be requested by the EPA

TM. Interpretation of the data will be included in the ESI report to be prepared by the E & E START-2

PM. The ESI report will include a summary and interpretation of analytical data including sediment and

surface water sample results generated by Weston and data from the Phase 1 and Phase 2 mines/mills

field events conducted by E & E. Data validation (memoranda including complete annotation of all

results) will be provided by EPA to E & E both in hard copy and electronically for all analytical data

generated for this project. E & E START-2 anticipates that "camera-ready" hard copy and electronic

text, tables, and figures generated by Weston as part of the Upper Columbia River ESI sediment and

surface water sampling are fully compatible with the E & E START-2 versions (see Section 1.6). At the

direction of the EPA TM, these text, tables, and figures will be provided in a timely manner by Weston to

E & E for inclusion in the ESI report. E & E will prepare a separate report for the Cleveland Mine under
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TDD 01-01-0035. A separate report for the Pend Oreille Mine may be requested by the EPA TM, as

determined necessary.

The START-2 corrective action program is addressed in Section 3 of the QMP. Corrective

actions will be conducted in accordance with these QMP specifications.

u

I j
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4. DATA VALIDATION AND USABILITY

4.1 DATA REVIEW, VALIDATION, AND VERIFICATION REQUIREMENTS

The validation review of data packages will include an evaluation of the information provided on

the analytical data sheets and required support documentation for all sample analyses; the supporting

sample collection documentation, including COC; and field instrument calibration, results, and/or

performance check documentation (if required by the method). The QA review also will examine

adherence to the procedures as described in the cited SOPs and the specified analytical methods in the

SQAP.

4.1.1 Data Reduction

Data reduction includes all processes that change the numerical value of the raw data. Field

screening data will be reported without reduction. All fixed-laboratory data reduction will be performed

in accordance with the appropriate methodology and will be presented as sample results.

4.12 Data Validation

Field screening data will be examined for adherence to applicable SOPs and will not be

validated. Analytical data generated through the CLP contract will be validated by the Region 10 QA

Office or its designee. Data generated by MEL will be validated by MEL or its designee. Both MEL and

CLP data validations will be performed on a regular three-week turn around time which starts upon

receipt of the complete analytical data package from the laboratory. All of the data validations will be

performed in accordance with the QA/QC requirements specified in the SQAP, the technical

specifications of the analytical methods and the following documents:

Contract Laboratory Program National Functional Guidelines for Inorganic Data
Review (EPA 1994a); and

Contract Laboratory Program National Functional Guidelines for Organic Data Review
(EPA 1999).

Validation deliverables will include a QA memo discussing QA co'nformance and deviations

issues which may have affected the quality of the data. Data usability, bases of application of qualifiers

10:START-2\01020028\S643 4-1



and percentage of qualified data will also be discussed in the QA memoranda. Forms I (analysis Data

Sheet) with the applied validation qualifiers and bias determination for estimated-qualified values will

also be a part of the validation deliverables. The following qualifiers shall be used in data validation:

• U= The compound was analyzed for, but not detected.

• UJ= The compound was analyzed for, but was not detected; the associated
quantitation limit is an estimate because quality control criteria were not met.

• J = The analyte was positively identified, but the associated numerical value is an
estimated quantity because quality control criteria were not met or because
concentrations reported are less than the quantitation limit or lowest calibration
standard.

• NJ = The analysis indicates the presence of an analyte that has been "tentatively
identified" and the associated numerical value represents its approximate
concentration.

• . R = Quality control indicates that data are unusable (compound may or may not be
present). Resampling and reanalysis are necessary for verification.

• B = Detected concentration is below the method reporting limit/contract-required
detection limit, but is above the instrument detection limit;

H= High bias

• K = Unknown bias

• L = Low bias

• Q = Detected concentration is below the method reporting limit/contract-required
quantitation limit, but is above the method detection limit.

In the absence of specific guidance, method-, laboratory-, and SQAP-specific criteria will be

used for validation.

4.1.3 Data Assessment Procedures

Following data validation and reporting, all project-generated and -compiled data and

information will be reconciled with the objectives specified in Section 1.3.1 to assess the overall success

of Upper Columbia River ESI mines and mills activities. This data assessment, including points of

achievement and any departure from project-specific objectives, will be discussed in the QA section of

the Upper Columbia River ESI mines and mills Phase I report.
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42 DATA VERIFICATION
•

Data validation deliverables will be submitted to E & E for verification. Using the QA memo,

the Forms I with validation qualifiers and the electronic data deliverables (HDDs) from the laboratories,

E & E will ensure that consistency exists among the three documents. E & E will ensure that the correct

validation and bias qualifiers are applied to the affected values on the Forms I and EDDs as specified on

the QA memo submitted by the validator.

43 RECONCILIATION WITH DATA QUALITY OBJECTIVES

The data quality indicators' target for this project is discussed in Section 1.4 of this SQAP. The

data validation process will be used as a tool to determine if these targets were met. Also, using the

compiled data, E & E and the EPA TM will determine the variability and soundness of the data and the

data gaps that will need to be filled to meet the objectives of the project. Interpretation of the data will

be included in the ESI report to be prepared by E & E START-2 PM. The ESI report will include a

summary and interpretation of analytical data including sediment and surface water sample results

generated by Weston and data from the Phase 1 and 2 mines/mills field events conducted by E & E.

10:START-2\01020028YS643 4-3



\J
5. REFERENCES

Cominco American, Inc., May 2000, property map received by Leatta Dahlhoff, Ecology and
Environment, Inc., Seattle, Washington, from David Godlewski, Cominco American; Inc.,
Spokane, Washington.

DeLorme, 1998, Washington Atlas & Gazetteer, Yarmouth, Maine.

, 1988, Washington Atlas and Gazetteer, DeLorme Mapping Company, Freeport, Maine.

Department of Lands, Forests, and Water Resources, 1971, photorevised from 1959, Trail, British
Columbia, Victoria, British Columbia.

Dings, M.G., and D.H. Whitebread, 1965, Geology and Ore Deposits of the Metaline Lead-Zinc District,
Pend Oreille County, Washington, United States Geological Survey Professional Paper No. 489,
Denver, Colorado.

Ecology and Environment, Inc. (E & E), 200la, Region 10 START-2 Quality Assurance Project Plan,
United States Environmental Protection Agency, Contract No..68-SO-01-01, Seattle, Washington.

, 2001b, Region 10 START-2 Quality Management Plan, United States Environmental Protection
Agency, Contract No. 68-SO-01-01, Seattle, Washington.

— , May 2000, Observations and Field Logbooks for the Pend Oreille Mine property visit.

Frazier, Steve, April 2001, LeRoi Company Smelter property owner, Colville, Washington, telephone \)
conversation regarding current property operations with Leatta Dahlhoff, Ecology and
Environment, Inc., Seattle, Washington.

Fulkerson, F. B., and Kingston, G. A., 1958, Mine Production of Gold, Silver, Copper, Lead, and Zinc in
Pend Oreille and Stevens Counties, Washington, 1902-1956, United States Bureau of Mines
Information Circular 7872, 51 pp.

Godlewski, David, April 2001, environmental manager, Cominco American, Inc., Spokane, Washington,
telephone conversation regarding finalization of EIS, workers on the property, and valid permits
with Leatta Dahlhoff, Ecology and Environment, Inc., Seattle, Washington.

, June 2000, environmental manager, Cominco American, Inc., Spokane, Washington, telephone
conversation regarding amounts and measurements of sources on the property with Leatta
Dahlhoff, Ecology and Environment, Inc., Seattle, Washington.

Gregory, Guy, July 2000a, personal communication, Washington Department of Ecology, with Monica
Tonel, United States Environmental Protection Agency, Region 10, Seattle, Washington.

, 2000b, Findings of Sampling Conducted by Ecology at the LeRoi Company Smelter in 1997,
draft.

Hallinan, Pat, June 2001, personal communication, Washington Department of Ecology, Spokane,
Washington, telephone conversation regarding current operations on the property with Leatta
Dahlhoff, Ecology and Environment, Inc., Seattle, Washington.

IO:START-2\OI020028\S643 5-1 (J



Huntting, M.T., 1956, Inventory of Washington Minerals-Part n, Metallic Minerals: Washington
Division of Mines and Geology, Bulletin 37, Vol. 1,428 pp.; Vol. 2,67 pp.

Lambly, Charles, April 1941, Methods and Costs of Mining Zinc-Lead Ores at the Pend Oreille Mines
and Metals Co., Northwest Mining News, Vol. 7, No. 8, pp. 4-11.

Lasmanis, R., 1995, History of the Metaline Mining District and the Pend Oreille Mine, Pend Oreille
County, Washington, Washington Geology, Vol. 23, No. 1, pp. 24-29.

Mono River Resources, Inc., April 19, 2001, www.manoriver.com/properties/vanstone.html, The Van
Stone Mine, September 2000.

McGinn, G. J., August 1979, A Report on the Deep Creek Mining Property, Stevens County, Washington,
Calgary, Alberta.

Neale, Alfred, July 1962, acting director, Washington State Pollution Control Commission, Olympia,
Washington, letter to Marshall Huntting regarding the daily load of tailings discharged to the
Pend Oreille River during milling operations, Division of Mines and Geology, Olympia,
Washington.

Resource Finance Corporation (RFC), 1993, Feasibility Study Pend Oreille Project, Metaline Falls,
Washington.

Science Applications International Corporation (SAIC), June 1993, Lynn Guilfprd, Work Assignment
Manager, Bothell, Washington, letter regarding Van Stone Mine background and ownership to
Monica Rolluda, EPA, Seattle, Washington.

URS Consultants, Inc., October 1993, Site Inspection Report, LeRoi Company Smelter.

United States Bureau of Census (USBC), 1990, Census of Population and Housing, Stevens County,
Washington.

United States Environmental Protection Agency (EPA), August 2000a, EPA Abandoned Mine Site
Characterization and Cleanup Handbook, EPA 910-B-00-001, Regions 8, 9, and 10.

, May 2000b, Geographic Information System Information, Last Chance Mine, Northport,
Washington.

, May 2000c, Geographic Information System Information, Deep Creek Mine, Northport,
Washington.

, 1999, Contract Laboratory Program National Functional Guidelines for Organic Data Review.

-, February 1994a, Contract Laboratory Program National Functional Guidelines for Inorganic
Data Review.

-, September 1994b, Guidance for the Data Quality Objectives Process, EPA QA/G-4, Office of
Research and Development, Washington, D.C., EPA/600/R-96/055.

—, September 1993, Data Quality Objectives Process for Superfund, Interim Final Guidance,
EPA540-R-93-071.

—, January 1991, User's Guide to the Contract Laboratory Program, 9240.0-1D.

United States Department of Agriculture (USDA), 1982, Soil Survey of Stevens County Area,
Washington.

IO:START-2\01020028\S643 5-2



United States Department of Energy (DOE), Bonneville Power Administration (BPA), June 1996, Lake
Roosevelt Fisheries Monitoring Program 1993 Annual Report, prepared by Underwood, K., and
Shields, J., Department of Natural Resources and Spokane Tribe of Indians, Wellpinit,
Washington.

United States Fish and Wildlife Service (USFWS), 1994, 1:24,000 series (National Wetlands Inventory).

United States Geological Survey (USGS), 1998, Washington Resources Data, Water Year 1998,
Water-Data Report WA-98-1, Columbia River at Northport, Washington.

, 1992a, Boundary Dam Quadrangle, Washington, 7.5 minute series (topographic).

, 1992b, Metaline Falls Quadrangle, Washington, 7.5 minute series (topographic).

, 1992c, Spirit, Washington, Quadrangle, 7.5 minute series (topographic).

, 1992d, Northport, Washington, Quadrangle, 7.5 minute series (topographic).

Vail, Curt, March 31, 2000, fisheries biologist, Washington Department of Fish and Wildlife, Spokane,
Washington, telephone conversation regarding bull trout in the Columbia River with Julie Howe,
Ecology and Environment, Inc., Seattle, Washington.

Waddell, Galen G., October 1962, Mining Methods and Costs, Deep Creek Zinc-Lead Mine, Goldfield
Consolidated Mines, Co., Stevens County, Washington.

Washington Department of Fish and Wildlife (WDFW), February 2000, Priority Habitats and Species
Data, Washington.

Washington State Department of Ecology (Ecology), February 2000a, Draft Environmental Impact
Statement: Pend Oreille Mine Project, Pend Oreille County, Washington.

, 2000b, Last Chance Mine, Northport, Washington, Water Rights Application Tracking System
database search, Eastern Regional Office.

Western Regional Climate Center (WRCC), May 2000a, Precipitation Records for Metaline Falls,
Washington, http:\\www.wrcc.dri.edu.climsum.html.

, 2000b, Period of Record Monthly Climate Summary, Northport, Washington.

, 2000c, Two-Year Twenty-Four Hour Rainfall Event for Washington.

, 2000d, Period of Record Monthly Climate Summary, Colville, Washington.

Zeigler, W.L., June 1949, Pend Oreille, New Development, Mining World, Vol. 11, No. 7, pp. 14-17.

10:START-2\01020028\S643 5-3



APPENDIX A

STANDARD OPERATING PROCEDURES

10:START-2\OI020028\S643



V FIELD ACTIVITY LOGBOOKS '&TITLE:

CATEGORY: If DOC 2.1 |
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1. Summary

This Standard Operating Procedure (SOP) establishes requirements for the entry of
information into logbooks to ensure that E & E field activities are properly documented. The
project manager (PM) and the field team leader (FTL) are responsible for ensuring that logbook
entries provide sufficient information for the completion of an accurate and detailed description
of field operations and meets the requirements of the contract or technical direction document
(TDD).

This SOP describes logbook entry requirements for all types of projects, specifies the
format that should be used, and provides examples. Some flexibility exists when implementing
the SOP because different types of projects require different data collection efforts. This SOP
does not address site safety logbook requirements or geotechnical logbook entries.

2. Purpose

Complete and accurate logbook entries are important for several reasons: to ensure that
data collection associated with field activities is sufficient to support the successful completion
of the project; to provide sufficient information so that someone not associated with the project
can independently reconstruct the field activities at a later date; to maintain quality control (QC)
throughout the project; to document changes to or deviations from the work plan; to fulfill
administrative needs of the project; and to support potential legal proceedings associaied_with a
specific project.

2.1 Adequate Field Information/Quality Control

QC procedures for data collection begin with the complete and systematic documentation
of all persons, duties, observations, activities, and decisions that take place during field activities.
It is especially important to fully document any deviations from the contract, project scope, work
plans, sampling plans, site safety plans, quality assurance (QA) procedures, personnel, and
responsibilities, as well as the reasons for the deviations. '

Prior to entering the field, the project manager must indicate to the field team what
pertinent information must be collected during field activity in order to meet the desired
objectives of the data collection effort. The PM is responsible for reviewing the adequacy of the
project logbooks both during and following completion of field activities, and is also responsible
for meeting with the field team members to discuss any findings and to direct activities to correct
any deficiencies, as appropriate. The PM also has the responsibility of ensuring that the
logbooks become part of the project or TDD file.
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2.2 Work Plan Changes/Deviation
,. r

The logbook is the document that describes implementation of the work planran"d other
appropriate contract documents and provides the basis for the project reports. It must include
detailed descriptions of any and all deviation from the work plan and the circumstances that
necessitate such changes. These changes will be reviewed for compliance with data quality
objectives and include:

• Changes in procedures agreed to in the project planning stages;

• Any conditions that prevent the completion of the field effort, or
tha t result in additional fieldwork must be noted (i.e., weather
delays, government actions, physical obstructions, person-
nel/equipment problems, etc.). Persons from whom permission was
obtained to make such changes must be clearly documented.

• Any modifications requested by the client or client's representative
that are contradictory to the contract or outside of the existing scope
of work must be documented in detail because the cost of the pro-
ject could be affected by such modifications.

2.3 Evidentiary Documentation

Field activity documentation can become evidence in civil and/or criminal judicial
proceedings, as well as in administrative hearings. Field logbooks serve this purpose. Accord-
ingly, such documentation is subject to judicial or administrative review. More importantly, it is
subject to the review of an opposing counsel who will attempt to discredit its evidentiaryj/alue.

The National Enforcement Investigation Center (NEIC) and the United States Environ-
mental Protection Agency (EPA) have prepared documents outlining their documentation needs
for legal proceedings. These guidelines indicate the importance of accurate and clear documenta-
tion of information obtained during the inspections, investigations, and evaluations of uncon-
trolled hazardous waste sites. Consequently, attention to detail must be applied by E & E
personnel to all field documentation efforts for all E & E projects. Project personnel must
document where, when, how, and from whom any vital project information was obtained. This
information is necessary to establish a proper foundation for admissible evidence.

3. Guidelines

. Logbooks should contain a summary of any meeting or discussion held with a client or
with any federal, state, or other regulatory agency that was on site during the field activities. The
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logbook should also describe any other personnel that appear on site, such as representatives of a
potential responsible party (PRP). _ •

The logbook can be used to support cost recovery activities. Data concerning site
conditions must be recorded before the response activity or the passage of time eliminates or
alters those conditions. Logbooks are also used to identify, locate, label, and track samples and
their final disposition. In addition, data recorded in the logbook will assist in the interpretation of
the analytical results.

Logbooks are subject to internal and external audits. Therefore, the recorded information
should be consistent with and capable of substantiating other site documentation such as time
cards, expense reports, chain-of-custody forms, shipping papers, and invoices from suppliers and
subcontractors, etc. Logbooks also act as an important means of reconstructing events should
other field documents such as data collection forms become lost or destroyed. Therefore, all
mission-essential information should be duplicated in the logbook.

3.1 General Instructions

The following general guidelines must be used for all logbooks:

• At a minimum, one separate field activity logbook must be main-
tained for each project or TDD.

• All logbooks must be bound and contain consecutively numbered
pages.

• No pages may be removed for any reason, even if they are partially
mutilated or illegible.

• AH field activities must be recorded in the site logbook (e.g., meet-
ings, sampling, surveys, etc.).

• All information must be printed legibly in the logbook using
waterproof ink, preferably black. If weather conditions do not
permit this (i.e., if it is too cold or too wet to write with ink), an-
other medium, such as pencil, may be used. The reason that water-
proof ink was not used should be specifically noted in the logbook.

• The language used in the logbook should be objective, factual, and
free of personal feelings or terminology that might prove inappropri-
ate.

• Entries should be made in chronological order. Contemporaneous
entries are always preferred because recollections fade or change
over time. Observations that-cannot.be recorded during field activi-
ties should be recorded as soon after as possible. If logbook entries
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DOC 2.1 f̂-Î B^BB '̂ April 1998
?̂ .'.*̂

are not made during field activities, the time of the activ-
ity/observation and the time that it is recorded should be noted.

• The first entry for each day will be made on anew, previously blank
page.

• Each page should be dated and each entry should include the time
that the activity occurred based on the 24-hour clock (e.g., 0900 for
9a.m., 2100 for 9 p.m.).

• At the completion of the field activity, the logbook must be returned
to the permanent project or TDD file.

3.2 Format

The information presented below is not meant to be all-inclusive. Each project manager
.is responsible for determining the specific information requirements associated with a field
activity logbook. If someone other than the Project Manager is keeping the logbook, the Project
Manager is responsible to convey to that individual, prior to the start of fieldwork, specific
instructions on what type of information is required to be entered into the logbook. Information
requirements will vary according to the nature and scope of the project. (Refer to Appendix A
for an example of a completed logbook.)

Title Page
./

The logbook title page should contain the following items:

• Site name,

• Location,

TDD No. or Job No.,

• PAN (an EPA site/task identification number), if applicable,

SSID No. (Site ED number-assigned under CERCLA), if applicable,

• Start/Finish date, and

• Book of
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First Page
»

The following items should appear on the first page of the logbook prior to daily field
activity entries:

• TDD No. or Job No.,

• Date,

• Summary of proposed work (Reference work plan and contract
documents, as appropriate),

• Weather conditions,

• Team members and duties, and

• Time work began and time of arrival (24-hour clock).

Successive Pages

In addition to specific activity entries and observations, the following items should
appear on every logbook page:

• Date,

TDD or Job No., and

• Signature (bottom of each page). If more than one person makes
entries into the logbook, each person should sign next to his or her
entry.

Last Page

In addition to specific activity entries and observations and the items that should appear
on each successive page, the last page of the logbook should contain a brief paragraph that
summarizes the work that was completed in the field. This summary can become especially
important later on if more or less work was accomplished during the duration of the field activity.

3.3 Corrections

If corrections are necessary, they must be made by drawing a single line through the
original entry in such a manner that it can still be read. Do not erase or render an incorrect
notation illegible. The corrected entry should be written beside the incorrect entry, and the
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correction must be initialed and dated. Most corrected errors will require a footnote explaining
the correction.

4. Documentation

Although the requirements and content of the field logbook will vary according to the site
and the tasks to be performed, the following information should be included in every logbook:

4.1 Prior to Fieldwork

Summary of Proposed Work

The first paragraph of each daily entry should summarize the work to be performed on
that day. For example:

"Collect soil and groundwater samples from previously installed wells and ship
samples to Analytical Services Center (ASC). Discuss removal with site owner."

The first paragraph becomes especially important later when discussing work plan
deviations or explaining why more or less work was accomplished for that day.

Personnel

Each person to be involved in activities for the day, his/her respective role (sampler,
health and safety, etc.), and the agency he/she represents should be noted in the logbooJc^

On-Site Weather Conditions

Weather conditions may have an impact on the work to be performed or the amount of
time required to perform the proposed work; therefore, all weather on-site weather conditions
should be noted, including temperatures, wind speed and direction, precipitation, etc., and
updated as necessary. Similarly, any events that are impacted by weather conditions should be
noted in the logbook.

Site Safety Meeting

Although minutes should be recorded for all site safety meetings under separate cover,
the logbook should briefly summarize the site safety meeting and any specific site conditions and s

resultant site safety concerns. -~^J
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4.2 Site Sketch
r

A site sketch should be prepared on the first day of field activities to indicate"prominent
site and environmental features. The sketch should be made either to scale or by noting the
approximate distances between site feature. Area-specific sketches should be prepared as work
is undertaken in such .areas, and updated sketches should be drawn as work progresses.

Site Features

Examples of features to be noted on the site sketch include the following:

• Structures such as buildings or building debris; *

• Drainage ditches or pathways, swales, and intermittent streams
(include direction of overland runoff flow and direction of stream
flow);

• Access roads, site boundaries, and utility locations;

• Decontamination and staging areas;

• Adjacent property data: .the type of property that borders the site,
information pertaining to ownership, and available addressees; and

• North arrow.

Changes in Site Conditions

Any deviation from previous site sketches or drawings presented in the work plan, and
any changes that have occurred since the last site visit must be noted. Differences to be noted
include the following:

• Demolished buildings;

• Changes to access routes;

• Damage to wells or equipment, or changes to the amount of such
equipment believed to be on site,

• Changes resulting from vandalism;

• Destruction of reference points;
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• Changes resulting from environmental events or natural disasters;
and

• Locations of excavations, waste piles, investigation-derived waste
(EDW), drum staging areas, etc.

In short, any site condition that varies from the conditions described in the work plan
should be noted.

4.3 Monitoring Equipment and Activities

Any monitoring equipment used during field activities should be documented^ in the
logbook. Information to be noted includes:

• The type of equipment with model and serial numbers. (HNu, OVA,
etc.);

• The frequency at which monitoring is performed;

• Calibration results and the frequency at which the equipment is
calibrated or tested;

• Background readings;

• Any elevated or unusual readings; and

• Any equipment malfunctions. . __

It is particularly important to note elevated or unusual equipment readings because they
could have an impact on personal protection levels or the activities to be performed on site. If a
change in the proposed work or protection levels occurs, it should be clearly noted in the
logbook.

4.4 Sample Collection Activities

Because it represents the first step in an accurate chain-of-custody procedure, field
sampling documentation must be complete. The following items should be documented in the
logbook:

Sample Collection Procedures

The following items pertaining to sample collection procedures should be included in the
logbook:
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• Any pre-sampling activities (i.e., well purging and the number of
volumes purged before sample collection);

• Results of the pre-sampling activities (i.e.,
pH/conductivity/temperature readings for well water, results of
hazard categorization testing, etc.);

• Any environmental conditions that make sample collection difficult
or impossible (i.e., dry or flooded drainage paths, inclement weather
conditions, etc.); and

• Any deviation from the work plan (i.e., additional samples and the
reason for their collection, alternate sample locations, etc.).

Sample Information

The following information regarding sample data should be recorded in the logbook:

• Sample number and station location including relationship to per-
manent reference point(s);

• Name(s) of sampler(s);

• Sample description and any field screening results;

• Sample matrix and number of aliquots if a composite sample;

• Preservatives used, recipient laboratory, and requested analyses; ~,

• QA/QC samples; and

• Shipping paper (airbill) numbers, chain-of-custody form numbers,
and jar lot numbers.

Investigation-Derived Waste/Sample Shipment

Details pertaining to sampling equipment, decontamination, and IDW should be clearly
delineated in the work plan. However, the following information should be included in the
logbook:

• The type of IDW generated an the number of containers generated
(each drum should be numbered and its contents noted);

• All information relevant to the characterization of the IDW;
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• Any directions received from the client/workplan/contract relative to

the management of the IDW;

• The disposition of IDW (left on site or removed from site);

• The number of sample containers shipped to the ASC or laboratory
and the courier used (i.e., Federal Express, Airborne Express, etc.);

• Airbill or shipment tracking numbers; and

• The type of paperwork that accompanied the waste/sample shipment
(e.g., manifests, etc.).

4.5 Photodocumentation

Photographs should be taken during all relevant field activities to confirm the presence or
absence of contaminants encountered during fieldwork. Specific items to be documented
include:

• Sample locations and collection activities;

• Site areas that have been disturbed or impacted, and any evidence of
such impacts (i.e., stressed vegetation, seepage, discolored water, or
debris);

• Hazardous materials requiring disposal, including materials that
may not appear in the work plan;

• Any evidence that attests to the presence or absence of contamina-
tion; and

• Any features that do not appear in the work plan or differ from those
described in the work plan.

Documentation of any photographs taken during the course of the project must be
provided in the logbook with a detailed description of what is shown in the photograph and the
reason for taking it. This documentation should include:

• Make, model, and serial numbers of the camera and lens,

• • Film type and number of exposures,

• Roll and frame number of the photograph,

10
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Direction or view angle of the photograph, and

Name of the photographer.

4.6 Data Collection Forms

Certain phases of fieldwork may require the use of project-specific data collection forms,
such as task data sheets or hazard categorization data sheets. Due to the specific nature of these
forms, the information that should be included in the logbook cannot be fully discussed in this
SOP. However, the following data should be included in the logbook:

• Results of any field tests or hazard categorization tests (i.e., ignita-
bility, corrosivity, reactivity, etc.);

• The source from which any field sample was collected and its
condition (i.e., drum, tank, lagoon, etc.).

• Other conclusions as a result of the data collected on data collection
forms.

In many cases, rubber stamps that contain routine data collection forms can be manufac-
tured ahead of time. These forms can be stamped into the logbook on an as-needed basis.

11
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Sample Logbook
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1. Introduction

This Standard Operating Procedure (SOP) outlines recommended procedures and equipment for
the collection of representative liquid samples (aqueous and nonaqueous) from streams, rivers, lakes,
ponds, lagoons, and surface impoundments both at the surface and at various depths in the water
column. This SOP does not pertain to the collection of groundwater samples.

2. Method Summary

Sampling situations vary widely and therefore, no universal sampling procedure can be
recommended. A sampling plan must be completed before any sampling operation is attempted. The
sampling plan should include objectives of the study, the number and type of samples required to meet
these objectives, and procedures to collect these samples based on site characteristics.

The sampling of both aqueous and nonaqueous liquids from the above-mentioned sources is
generally accomplished through the use of one of the following:

• Kemmerer bottle,

• Bacon bomb,

• Dip sampler, or

• Direct method.

These sampling techniques will allow for the collection of representative samples from the
majority of surface water types and impoundments encountered.

3. Potential Problems

There are two primary potential problems associated with surface water sampling: cross-
contamination of samples, and improper sample collection.

Cross-contamination problems can be eliminated or minimized through the use of dedicated
-• sampling equipment and bottles. If this is not possible or practical, then decontamination of sampling

equipment is necessary. See E & E's SOP on Equipment Decontamination (ENV 3.15).
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Improper sample collection can involve using contaminated equipment, disturbance of stream
or impoundment substrate, and sampling in a disturbed area such as that caused by a boat wake.
Following proper decontamination procedures and minimizing disturbance of the samplesfte will
minimize or eliminate these problems.

4. Equipment

Equipment needed for collecting surface water samples includes:

• Kemmerer bottle^

• Bacon bomb,

• Dip sampler,

• Line and messengers, •

• Sample bottles, preservative, ziploc bags, ice, coolers,

• Chain-of-custody seals and forms, field data sheets,

• Decontamination equipment,

• Protective clothing,

• Maps/plot plan,

• Safety equipment,

• Compass,

• Tape measure,

• Survey stakes, flags, or .buoys and anchors,

• Camera and film,

• Logbook, and

• Sample bottle labels.
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5. Reagents

Reagents are commonly used to preserve samples and to decontaminate sampling equipment.
Appropriate preservation and decontamination procedures should be selected prior to field sampling.

Preservatives commonly used include:

• Nitric acid (HNO3) for metals analyses,

• Sodium hydroxide (NaOH) for cyanide analysis,

• Sulfuric acid (H2SO4) for TRPH analysis, and

• Hydrochloric acid (HCl) for VOC analysis.

Decontamination reagents include:

• Nitric acid (HNO3),

• Acetone, and

• Deionized or distilled water.

6. Health and Safety

Personal safety is always the most important factor in any sampling operation. Sampling under
unknown conditions should always be considered worst case, necessitating the selection of appropriate
personal protection.

When sampling lagoons or surface impoundments containing known or suspected hazardous
substances, adequate precautions must be taken to ensure the safety of sampling personnel. The
sampling team member collecting the sample should not get too close to the edge of the impoundment,
where bank failure may cause him/her to lose their balance. The person performing the sampling
should be on a lifeline and wearing adequate protective equipment.

When conducting sampling from a boat in an impoundment or flowing waters, appropriate
boating safety procedures will be followed.
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7. Procedures
*

7.1 Sampling Considerations

7.1.1 Preparation

Prior to the initiation of any sampling operation, the immediate area should be checked for
radioactivity, volatile organic compounds (VOCs), photoionization potential, airborne dust, and
explosivity, as required by the Site Safety Plan. The following steps should then be taken:

• Determine the extent of the sampling effort, the sampling methods to be -
employed, and the equipment and supplies needed;

• Obtain necessary sampling and monitoring equipment;

• Decontaminate or preclean equipment, and ensure that it is in working order,

• Prepare scheduling and coordinate with staff, clients, and regulatory agency, if
appropriate; and

• Use stakes, flags, or buoys and anchors to identify and mark all sampling
locations. If required, the proposed locations may be adjusted based on site
access, property boundaries, and surface obstructions.

7.1.2 Representative Samples

In order to collect a representative sample, the hydrology and morphology of a stream or
impoundment should be determined prior to sampling. This will aid in determining the presence of
phases or layers in lagoons or impoundments, flow patterns in streams, and appropriate sample
locations and depths. Additional information can be found in the references listed in Section 12.

Generally, the deciding factors in the selection of a sampling device for surface water sampling
are:

• The depth and flow of surface water body,

• Location from where the sample will be collected, and

• The depth at which the sample(s) is to be collected.
a .'' \

\J
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7.1.3 Sampler Composition

The sampling device must be constructed of the appropriate materials. Samplers constructed of
glass, stainless steel, PVC, or PFTE (teflon) should be used, depending on the types of analyses to be
performed (i.e., samples to be analyzed for metals should not be collected in metallic containers).

7.2 Sample Collection

7.2.1 Kemmerer Bottle

A Kemmerer bottle may be used in most situations where site access is from a boat or structure
such as a bridge or pier, and where samples at depth are required. Sampling procedures are as follows:

• Using a properly decontaminated Kemmerer bottle, set the sampling device so
that the sampling end pieces are pulled away from the sampling tube, allowing
the substance to pass through this tube;

• Slowly lower the preset sampling device to the predetermined depth. Avoid
bottom disturbance;

• When the Kemmerer bottle is at the required depth, send down the messenger,
closing the sampling device; and

• Retrieve the sampler. Transfer sample to sample container.

7.2.2 Bacon Bomb

This type of sampler may be used in situations similar to those outlined for the Kemmerer
bottle. Sampling procedures are as follows:

• Lower the bacon bomb sampler carefully to the desired depth, allowing the line
for the trigger to remain slack at all times. When the desired depth is reached,
pull the trigger line until taut; and

• Release the trigger line and retrieve the sampler. Transfer the sample to the
sample container by pulling on the trigger.

7.2.3 Dip Sampler

A dip sampler is useful for situations in which a sample is to be recovered from an outfall pipe,
such as through a storm sewer grating, or along a lagoon bank where direct accessibility is limited. The
long handle on such a device allows access from a discrete location. The procedure is as follows:
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• Assemble the device in accordance with the manufacturer's instructions,
»

• Extend the device to the sample location and collect the sample, and " -

• Retrieve the sampler.

7.2.4 Direct Method

For streams, rivers, lakes, and other surface waters, the direct method may be utilized to collect
water samples from the surface. This method is not to be used for sampling lagoons or other impound-
ments where contact with contaminants is a concern.

Using adequate protective clothing (i.e., gloves and hip waders), access the sampHng station by
appropriate means (wading or boat). For shallow stream stations, collect the sample under the water
surface pointing the sample container upstream. The container must also be upstream of the collector.
Avoid disturbing the substrate. For lakes and other impoundments, collect the sample under the water
surface avoiding surface debris and the boat wake.

8. Sample Preservation, Containers,
Handling, and Storage

Sample preservation, sample containers, sample handling, and sample storage are critical
concerns for many types of analyses. Once the analyses to be performed are determined, E & E's SOP
on sample packaging and shipping should be consulted to determine the above parameters. This must
be completed prior to field sampling. — —

Once the samples have been collected, the following procedure should be followed:

• Transfer the sample(s) into suitable and labeled sample containers;

• Preserve the sample, if appropriate;

• Cap and put a custody seal on the container, package appropriately, and place in
an iced cooler if required;

• Record all pertinent data in the field logbook and on a field data sheet;

• Complete chain-of-custody record and sample analysis request form;

• Attach custody seals to cooler prior to shipment; and
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Decontaminate all sampling equipment prior to the collection of additional
samples.

9. Calculations

This procedure does not involve specific calculations.

10. Quality Assurance

There are no specific quality assurance (QA) activities that apply to the implementation of these
procedures. However, the following general QA procedures apply:

• All data must be documented on field data sheets or within field or site log-
books;

• All instrumentation must be operated in accordance with operating instructions
as supplied by the manufacturer unless otherwise specified in ihe work plan.
Equipment checkout and calibration activities must occur prior to sampling or
operation and must be documented; and

• All deliverables will receive a peer review prior to release.

11. Data Validation

The data generated will be reviewed according to the QA considerations listed in Section 9.

12. References

U.S. Environmental Protection Agency, 1991, Compendium of ERT Surface Water and Sediment
Sampling Procedures, Interim Final, OSWER Directive 9360.4-03.

, 1984, Characterization of Hazardous Waste Sites - A Methods Manual: Volume II,
Available Sampling Methods, (2nd ed.), EPA/60p/4.,84r076.
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1. Introduction
This document describes the procedures for the collection of representative soil samples.

Representative sampling ensures the accurate characterization of site conditions. Analysis of soil
samples may determine pollutant concentrations and the accompanying risks to public health, welfare,
or the environment.

2. Scope
Included in this discussion are procedures for obtaining representative samples, quality

assurance/quality control (QA/QC) measures, proper documentation of sampling activities, and
recommendations for personnel safety.

3. Method Summary
Soil samples may be recovered using a variety of methods and equipment. These are

dependent on the depth of the desired sample, the type of sample required (disturbed vs. undisturbed),
and the soil type.

Samples of near-surface soils may be easily obtained using a spade, stainless-steel spoon,
trowel, or scoop. Sampling at greater depths may be perfo...ied using a hand auger, a power auger, or,
if a test pit is required, a backhoe.

All sampling devices should be cleaned using pesticide-grade acetone (assuming that acetone
is not a target compound) or methanol, then wrapped in clean aluminum foil, and custody sealed for
identification. The sampling equipment should remain in this wrapping until it is needed. Each sampler
should be used for one sample only. However, dedicated tools may be impractical if there are a large
number of soil samples required. In this case, samplers should be cleaned in the field using standard
decontamination procedures as outlined in E & E's SOP for Equipment Decontamination (see ENV
3.15). --

4. Sample Preservation, Containers, Handling,
and Storage

The chemical preservation of solids is not generally recommended. Refrigeration is usually the
best approach, supplemented by a minimal holding time.

Soil samples should be handled according to the procedures outlined in E & E's SOP for
Sample Packaging and Shipping (see ENV 3.16).

5. Potential Problems
Potential problems with soil sampling include cross-contamination of samples and improper

sample collection. Cross-contamination problems can be eliminated or minimized through the use of
dedicated sampling equipment and bottles. If this is not possible or practical, then decontamination of
sampling equipment is necessary. Improper sample collection is generally the result of the use of
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contaminated equipment; the disturbance of the matrix, resulting in compaction of the sample; and
inadequate homogenization of the sample where required, resulting in variable, nonrepresentative
results. Specific advantages and disadvantages of soil sampling equipment are presented io table 5-1.

Table 5-1

SOIL SAMPLING EQUIPMENT
Equipment

Trier

Scoop, trowel, spoon, or
spaiula

Tulip bulb planter

Spade or shovel

Vehimeyer soil outfit

Soil coring device and
auger

Thin -walled tube sampler

Split-spoon sampler

Shelby tube sampler

Laskey sampler

Bucket auger

Hand-operated power
auger

Continuous-flight auger

Applicability

Soft surface soil

Soft surface soil

Soft soil, 0 to 6 inches

Medium soil, 0 to 12 inches

Soil, 0 to 10 feet

Soft soil, 0 to 24 inches

Soft soil. 0 to 10 feet

Soil, 0 inches to bedrock

Soft soil. 0 inches to bedrock

Soil, 0 inches to bedrock

Soft soil, 3 inches to
10 feel

Soil, 6 inches to 15 feel

Soil, 0 inches to bedrock

Advantages and Disadvantages

Inexpensive; easy to use and decontaminate; difficult to use
in stony, dry, or sandy soil.

Inexpensive; easy to use and decontaminate; trowels with
painted surfaces should be avoided

Easy to use and decontaminate; uniform diameterand
sample volume; preserves soil core (suitable for VOA and
undisturbed sample collection); limited depth capability; not
useful for hard soils.

Easy to use and decontaminate; inexpensive; can result in
sample mixing and loss of VOCs.

Difficult to drive into dense or hard material; can be difficult
to pull from ground.

Relatively easy to use; preserves soil core (suitable for VOA
and undisturbed sample collection); limited depth capability,
can be difficult to decontaminate.

Easy to use; preserves soil core (suitable for VOA and
undisturbed sample collection); may be used to help
maintain integrity of VOA samples; easy to decontaminate;
can be difficult to remove cores from sampler.

Excellent depth range; preserves soil core (suitable for VOA
and undisturbed sample collection); acetate sleeve may be
used to help maintain integrity of VOA samples; useful for
hard soils; often used in conjunction with drill rig for
obtain ing deep cores. •— — -

Excellent depth range; preserves soil core (suitable for VOA
and undisturbed sample collection); tube may be used to
ship sample to lab undisturbed; may be used in conjunction
with drill rig for obtaining deep cores and for permeability
testing; not durable in rocky soils.

Excellent depth range; preserves soil cores; used in
conjunction with drill rig for obtaining deep core; can be
difficult to decontaminate.

Easy to use; good depth range; uniform diameter and sample
volume; acetate sleeve may be used to help maintain
integrity of VOA samples; may disrupt and mix soil
horizons greater than 6 inches in thickness.

Good depth range; generally used in conjunction with
bucket auger for sample collection; destroys soil core
(unsuitable for VOA and undisturbed sample collection);
requires two or more equipment operators; can be difficult to
decontaminate; requires gasoline-powered engine (potential
for cross-contamination).

Excellent depth range; easy to decontaminate; can be used
on all soil samples; results in soil mixing and loss of VOCs.



REVISED: Rj August 1997

Table 5-1

SOIL SAMPLING EQUIPMENT - -
Equipment

Dutch auger

Eijkelcamp stoney soil
auger

Backhoe

Applicabilitv

Designed specifically for
wet, fibrous, or rooted soils
(e.g., marshes)

Stoney soils and asphalt

Soil, 0 inches to 10 feet

Advantages and Disadvantages

Good depth range; provides visual indications as to depth of
contaminants; allows for recovery of samples at specific
depths; can result in loss of VOCs and soil mixing; shoring
required at depth.

Note: Samplers may not be suitable for soils with coarse fragments.
Augers are suitable for soils with limited coarse fragments; only the stoney auger will work well in very gravelly
soil.

6. Soil Sampling Equipment

Soil Sampling Equipment List

• Stainless-steel spoon
• Trier
• Scoop
• Trowel
• Spatula

Stainless-steel tulip bulb planter
• Spade or shovel
• Vehimeyer soil sampler outfit

tubes
points
drive head
drop hammer
fuller jack and grip

• Soil-coring device
Thin-walled tube sampler

• Split-spoon sampler
• Shelby tube sampler
• Laskey sampler

Bucket auger
• Hand-operated power auger

Continuous-flight auger
• Dutch auger

Eijkelcamp stoney soil auger
• Backhoe

Hand auger with replaceable sleeves

3
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Sampling Support Equipment and Documentation List

Sampling plan _ 1
Sample location map ' ~
Safety equipment, as specified in the Health and Safety Plan
Decontamination supplies and equipment, as described in the Work Plan
Compass
Tape measure
Survey stakes or flags
Camera
Stainless-steel buckets or bowls
Sample containers, precleaned (i.e., l-Chem)
Logbook
Chain-of-custody forms
Plastic sheet
Soil gas probes
Infiltrometer
Pounding sleeve
Extension rods
T-handle

Labeling, Packaging, and Shipping Supplies

Coolers
Labels for sample containers and coolers (e.g., "fragile")
Ice
Plastic bags for sample containers and ice
ESC paint cans and clamps for polychlorinated biphenyl (PCB) sampling
Vermiculite
Duct and strapping tape
Federal Express airbills and pouches

6.1 Geophysical Equipment

Geophysical techniques can be integrated with field analytical and soil sampling equipment to
help define areas of subsurface contamination. For a description of the geophysical techniques and
associated applications, refer to E & E's SOP for Surface Geophysical Techniques (see GEO 4.2).

7. Reagents
This procedures does not require the use of reagents except for decontamination of equipment,

as required. Refer E & E's SOP for Equipment Decontamination (see ENV 3.15) and the Site-Specific
Work Plan (SSWP) for proper decontamination procedures and appropriate solvents.
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8. Procedures

8.1 Office Preparation

1. The preparation of a Health and Safety Plan is required prior to any sampling. The plan
must be approved and signed by the Corporate Health and Safety Officer or his/her
designee (i.e., the Regional Safety Coordinator [RSC]).

2. Prepare a sampling plan to meet the data quality objectives (DQO) of the project in
accordance with contract requirement. Review available background information (i.e.,
topographic maps, soil survey maps, geologic maps, other site reports, etc.) to determine
the extent of the sampling effort, the sampling method to be employed, and the type and
amounts of equipment and supplies required.

3. Obtain necessary sampling and monitoring equipment (see Section 6), decontaminate or
preclean the equipment, and ensure that it is in working order.

4. Contact delivery service to confirm ability to ship all equipment and samples. Determine if
shipping restrictions exist.

5. Prepare schedules and coordinate with staff, clients, and regulatory agencies, if
appropriate.

8.2 Field Preparation

1. Identify local suppliers of sampling expendables (e.g., ice, plastic bags) and overnight
delivery services (e.g., Federal Express).

2. Decontaminate or preclean all equipment before soil sampling, as described in E & E's SOP
for Equipment Decontamination (see ENV 3.15), or as deemed necessary.

3. A general site survey should be performed prior to site entry in accordance witrTtFle Health
and Safety Plan followed by a site safety meeting.

4. Identify and stake all sampling locations. If required, the proposed locations may be
adjusted based on site access, property boundaries, and surface obstructions. All staked
locations will be utility-cleared by the property owner or field team prior to soil sampling.

8.3 Representative Sample Collection

The objective of representative sampling is to ensure that a sample or group of samples
adequately reflect site conditions.

8.3.1 Sampling Approaches

It is important to select an appropriate sampling approach 1or accurate characterization ol site
conditions. Each approach is defined below. Table 8-1 summarizes the following sampling approaches
and ranks them from most to least suitable based on the sampling objective.



Table 8-1

REPRESENTATIVE SAMPLING APPROACH COMPARISON

Sampling Objective

Establish Threat

Identify Sources

Delineate Extent of Contamination

Evaluate Treatment and Disposal Options

Confirm Cleanup

Judgmental

1

1

4

3

4

Random

4

4

3

3

lc

Stratified
Random

3

2

3

1

3

Systematic
Grid

2a

2a

- ,b

2

lb

Systematic
Random

3

3

1

2

1

Search

3

2

1

4

1

Transect

2

3

1

2

1C

1 Preferred approach.
2 Acceptable approach.
3 Moderately acceptable approach.
4 Least acceptable approach.
a Should be used with field analytical screening.
b Preferred only where known trends are present.
c Allows for statistical support of cleanup verification if sampling over entire site.
d May be effective with compositing techniques if site is presumed to be clean.

• I
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8.3.1.1 Judgmental Sampling

Judgmental sampling is based on the subjective selection of sampling locations relative to
historical site information, on-site investigation (site walk-over), etc. There is no randomization
associated with this sampling approach because samples are collected primarily at areas of suspected
highest contaminant concentrations. Therefore, any statistical calculations based on the sampling
results would be unfairly biased.

8.3.1.2 Random Sampling

Random sampling involves the arbitrary collection of samples within a defined area. Refer to
EPA 1984 and February 1989 for a random number table and guidelines on selecting sample
coordinates. The arbitrary selection of sample locations requires each sample location to be chosen
independently so that results in all locations within the area of concern have an equal chance of being
selected. To facilitate statistical probabilities of contaminant concentration, the area of concern must be
homogeneous with respect to the parameters being monitored. Thus, the higher the degree of
heterogeneity, the less the random sampling approach will reflect site conditions (see Figure 8-1).

8.3.1.3 Stratified Random Sampling

Stratified random sampling relies primarily on historical information and prior analytical results to
divide the area of concern into smaller sampling areas, or "strata." Strata can be defined by several
factors, including: sampling depth, contaminant concentration levels, and contaminant source areas.
Sampling locations should be selected within a strata using random selection procedures (see Figure
8-2).

8.3.1.4 Systematic Grid Sampling

Systematic grid sampling involves the division of the area of concern into smaller sampling
areas using a square or triangular grid. Samples are then collected from the intersection of the grid
lines, or "nodes." The origin and direction for placement of the grid should be selected by using an initial
random point. The distance between nodes is dependent upon the size of the area of concemjnd the
number of samples to be collected (see Figure 8-3).

8.3.1.5 Systematic Random Sampling

Systematic random sampling involves dividing the area of concern into smaller sampling areas
as described in Section 8.3.1.4. Samples are collected within each grid cell using random selection
procedures (see Figure 8-4).

8.3.1.6 Biased-Search Sampling

Search sampling utilizes a systematic grid or systematic random sampling approach to define
areas where contaminants exceed cleanup standards (i.e., hot spots). The distance between the grid
lines and number of samples to be collected are dependent upon the acceptable level of error (i.e., the
chance of missing a hot spot). This sampling approach requires that assumptions be made regarding
the size, shape, and depth of hot spots (see Figure 8-5).
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After EPA, February 1989
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8.3.1.7 Transect Sampling
»

Transect sampling involves establishing one or more transect lines, parallel or nonparsllel,
across the area of concern. If the lines are parallel, this sampling approach is similar to systematic grid
sampling. The advantage of transect sampling over systematic grid sampling is the relative ease of
establishing and relocating transect lines as opposed to an entire grid. Samples are collected at regular
intervals along the transect line at the surface and/or at a specified depth(s). The distance between the
sample locations is determined by the length of the line and the number of samples to be collected (see
Figure 8-6).

8.3.2 Surface Soil Samples

Collection of samples from near-surface soil can be accomplished with tools such as spades,
spoons, shovels, and scoops. The surface material can be removed to the required depth with this
equipment; stainless-steel or plastic scoops can then be used to collect the sample.

This method can be used in most soil types, but is limited to sampling near-surface areas.
Accurate, representative samples can be collected with this procedure, depending on the care and
precision demonstrated by the sampling technician. The use of a flat, pointed mason trowel to cut a
block of the desired soil can be helpful when undisturbed profiles are required (e.g., for volatile organic
analysis [VOAs]). A stainless-steel scoop, lab spoon, or plastic spoon will suffice in most other
applications. Care should be exercised to avoid the use of devices plated with chrome or other
materials, as is common with garden implements such as potting trowels.

s \
Soil samples are collected using the following procedure: ' ^—'

1. Carefully remove the top layer of soil to the desired sample depth with a precleaned spade;

2. Using a precleaned, stainless-steel scoop, spoon, trowel, or plastic spoon, remove and
discard the thin layer of soil from the area that came into contact with the shovel;

3. Transfer the sample into an appropriate container using a stainless-steel or plastic lab
spoon or equivalent. If composite samples are to be collected, place the soil sample in a
stainless-steel or plastic bucket and mix thoroughly to obtain a homogeneous sample
representative of the entire sampling interval. Place the soil samples into labeled
containers. (Caution: Never composite VOA samples);

4. VOA samples should be collected directly from the bottom of the hole before mixing the
, sample to minimize volatilization of contaminates;

5. Check to ensure that the VOA vial teflon liner is present in the cap, if required. Fill the VOA
vial fully to the top to reduce headspace. Secure the cap tightly. The chemical preservation
of solids is generally not recommended. Refrigeration is usually the best approach,

. supplemented by a minimal holding time;

6. Ensure that a sufficient sample size has been collected for the desired analysis, as
specified in the Sampling Plan;

7. Decontaminate equipment between samples according to E & E's SOP for Equipment
Decontamination (see ENV 3.15); and

10
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8. Fill in the hole and replace grass turf, if necessary.

QA/QC samples should be collected as specified, according to the Work Plan. - -

8.3.3 Sampling at Depth with Augers and Thin-Walled Tube Samplers

This system consists of an auger, a series of extensions, a T-handle, and a thin-walled tube.
The auger is used to bore a hole to a desired sampling depth and is then withdrawn. The auger tip is
then replaced with a tube core sampler, lowered down the borehole, and driven into the soil to the
completion depth. The core is then withdrawn and the sample is collected.

Several augers are available, including: bucket type, continuous flight (screw), and pesthole
augers. Because they provide a large volume of sample in a short time, bucket types are better for
direct sample recovery. When continuous-flight augers are used, the sample can be collected directly
off the flights, usually at 5-foot intervals. The continuous-flight augers are satisfactory for use when a
composite of the complete soil column is desired. Posthole augers have limited utility for sample
collection, as they are designed to cut through fibrous, rooted, swampy soil.

The following procedures will be used for collecting soil samples with the hand auger:

1. Attach the auger bit to a drill rod extension, and attach the T-handle to the drill rod.

2. Clear the area to be sampled of any surface debris (e.g., twigs, rocks, litter). It may be
advisable to remove the first 3- to 6-inches of surface soil from an area approximately 6
inches in radius around the drilling location.

3. Begin augering, periodically removing and depositing accumulated soils onto a canvas or
plastic sheet spread near the hole. This prevents accidental brushing of loose material
back down the borehole when removing the auger or adding drill rods. It also facilitates
refilling the hole and avoids possible contamination of the surrounding area.

4. After reaching the desired depth, slowly and carefully remove the auger from the boring.
When sampling directly from the auger, collect the sample after the auger is removed from
boring and proceed to Step 11.

5. A precleaned stainless-steel auger sleeve can also be used to collect a sample. After
reaching the desired sampling depth, remove the auger and place the sleeve inside the
auger. Collect the sample with the auger. Remove the auger from the boring. The sample
will be collected only from the sleeve. The soil from the auger tip should never be used for
the sample.

6. Remove auger tip from dill rods and replace with a precleaned thin-walled tube sampler.
Install proper cutting tip.

7. Carefully lower the tube sampler down the borehole. Gradually force the tube sampler into
soil. Care should be taken to avoid scraping the borehole sides. Avoid hammering the drill
rods to facilitate coring, as the vibrations may cause the boring walls to collapse.

8. Remove the tube sampler and unscrew the drill rods.

9. Remove the cutting tip and core from the device.

1.1
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10. Discard the top of the core (approximately 1 inch), as this represents material collected
before penetration of the layer in question. Place the remaining core into the sample
container. _ *

11. If required, ensure that a teflon liner is present in the cap. Secure the cap tightly onto the
sample container. Place the sample bottle in a plastic bag and put on ice to keep the
sample at 4°C.

12. Carefully and clearly label the container with the appropriate sample tag, addressing all'the
categories or parameters listed in E & E's SOP for Sample Packaging and Shipping (see
ENV 3.16).

13. Use the chain-of-custody form to document the types and numbers of soil samples
collected and logged. Verify that the chain-of-custody form is correctly and completely filled
out.

14. Record the time and date of sample collection, as well as a description of the sample in the
field logbook.

15. If another sample is to be collected in the sample hole, but at a greater depth, re-attach the
auger bit to the drill and assembly, and follow steps 3 through 11, making sure to
decontaminate the auger and tube sampler between samples.

16. Abandon the hole according to applicable regulations. Generally, shallow holes can simply
be backfilled with the removed soil material.

17. Decontaminate the sampling equipment as per E & E's SOP for Equipment
Decontamination (see ENV 3.15).

8.3.4 Sampling at Depth with a Trier

1. Insert the trier into the material to be sampled at a 0° to 45° angle from horizontal. This
orientation minimizes the spillage of sample material. Extraction of samples ma^require
tilting of the containers. ""'

2. Rotate the trier once or twice to cut a core of material.

3. Slowly withdraw the trier, making sure that the slot is facing upward.

4. Transfer the sample into a suitable container with the aid of a spatula and brush.

5. If required, ensure that a teflon liner is present in the cap. Secure the cap tightly onto the
sample container. Samples are handled in accordance with E & E's SOP for Sample
Packaging and Shipping (see ENV 3.16).

6. Carefully and clearly label the container with the appropriate sample tag, addressing all the
categories or parameters listed in E & E's SOP for Sample Packaging and Shipping (see
ENV 3.16).

7. Use the chain-of-custody form to document the types and numbers of soil samples
collected and logged.

\J
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8. Record the time and date of sample collection as well as a description of the sample and
any associated air monitoring measurements in the field logbook.

9. Abandon the hole according to applicable regulations. Generally, shallow holes can simply
be backfilled with the removed soil material.

10. Decontaminate sampling equipment as per E & E's SOP for Equipment Decontamination
(seeENV3.15).

8.3.5 Sampling att Depth with a Split-Spoon (Barrel) Sampler

The procedure for split spoon sampling describes the extraction of undisturbed soil cores of 18
or 24 inches in length. A series of consecutive cores may be sampled to give a complete soil column, or
an auger may be used to drill down to the desired depth for sampling. The split spoon is then driven to
its sampling depth through the bottom the augured hole and the core extraction.

This sampling device may be used to collect information such as soil density. All work should
be performed in accordance with ASTM D 1586-84, Penetration Test and Split Barrel Sampling of Soils.

1. Assemble the sampler by aligning both sides of the barrel and then screwing the bit on the
bottom and the heavier head piece on top. Install a retaining cap in the head piece if
necessary.

2. Place the sampler in a perpendicular position on the sample material.

3. Using a sledge hammer or well ring, if available, drive the tube. Do not drive past the
bottom of the head piece or compression of the sample will result.

4. Record the length of the tube used to penetrate the material being sampled and the number
of blows required to obtain this depth.

5. Withdraw the split spoon and open by unscrewing the bit and head. If a split sample is
desired, a clean stainless-steel knife should be used to divide the tuba contentsJa&alf,
lengthwise. This sampler is available in 2- and 3.5-inch diameters. The required sample
volume may dictate the use of the larger barrel. If needed, stainless-steel or teflon sleeves
can be used inside the split spoon. If sleeves removed from the split spoon are capped
immediately, volatilization of contaminants can be reduced. When split spoon sampling is
performed to gain geologic information, all work should be performed in accordance with
ASTM D 1586-67 (reapproved 1974).

6. Cap the sample container, place in a double plastic bag and attach the label and custody
seal. Record all pertinent data in the field logbook and complete the sample analysis
request form and chain-of-custody record before taking the next sample.

7. If required, preserve or place the sample on ice.

. 8. Follow proper decontamination procedures and deliver samples to the laboratory for
analysis.

13
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8.3.S Tesft P5tL/T(rein)<s!hi Excavation
»

These relatively large excavations are used to remove sections of soils when detaitedi
examination of soil characteristics (horizontal, structure, color, etc.) are required. It is the least
cost-effective sampling method due to the relatively high cost of backhoe operation.

1. Prior to any excavations with a backhoe, it is important to ensure that all sampling locations
are clear of utility lines and poles (subsurface as well as above surface).

2. Using the backhoe, a trench is dug to approximately 3 feet in width and approximately 1
foot below the cleared sampling depth. Place removed or excavated soils on canvas or
plastic sheets, if necessary. Trenches greater than 4 feet deep must tiQ sloped or protected
by a shoring system, as required by OSHA regulations.

3. A shovel is used to remove a 1 - to 2-inch layer of soil from the vertical face of the pit where
sampling is to be done.

4. Samples are taken using a trowel, scoop, or coring device at the desired intervals. Be sure
to scrape the vertical face at the point of sampling to remove any soil that may have fallen
from above, and to expose soil for sampling. Samples are removed and placed in an
appropriate container.

5. If required, ensure that a teflon liner is present in the cap. Secure the cap tightly onto the
sample container. Samples are handled in accordance with E & E's SOP for Sample
Packaging and Shipping (see ENV 3.16).

6. Carefully and clearly label the container with the appropriate sample tag, addressing all the
categories or parameters listed in E & E's SOP for Sample Packaging and Shipping (see
ENV3.16).

7. Use the chain-of-custody form to document the types and numbers of soil samples
collected and logged.

8. Record the time and date of sample collection as well as a description of the sample and
any associated air monitoring measurements in the field logbook.

9. Abandon the hole according to applicable State regulations. Generally, excavated holes
can simply be backfilled with the removed soil material.

10. Decontaminate sampling equipment, including the backhoe bucket, as per E & E's SOP for
Equipment Decontamination (see ENV 3.15).

In addition to sampling equipment, representative sample collection includes sample quantity,
volume, preservation, and holding time (see Table 8-2). Sample preparation refers to all aspects of
sample handling after collection. How a sample is prepared can affect its representativeness. For
example, homogenizing can result in a loss of volatiles and is therefore inappropriate when volatile
contaminants are the concern.

14



Table 8-2

STANDARD SAMPLE MOLDING TIMES, PRESERVATION METHODS, AND VOLUME REQUIREMENTS

Protocol
Parameter

Holding Time

Soil Water

SW-846

VOAe

Semi-VOA(BNAs)e

PCBsa'c

Pesticides/ PCBsd '*

Meials

Cyanide

Hexavalem
chromium

Total Organic Carbon
(TOC)"

1 4 days from
date sampled

14 days to
extract from date
sampled

1 4 days to
extract from date
sampled

1 4 days to
extract from date
sampled

6 months from
date sampled

14 days from
date sampled

24 hours from
time sampled

NA

1 4 days from
date sampled

~l days to extract
from date
sampled

7 days to extract
from dale
sampled

7 days to extract
from date
sampled

6 months from
date sampled

14 days from
date sampled

24 hours from
time sampled

28 days from
date sampled

Minimum Volume Required

Soil

I 5 g

30 g

30 g

30 g

l O g

l O g

l O g

' 58
1

Water

Container Type

Soil Water

One 40 ml vial; no
air space

1 L

1 L

I L

300ml

100ml

50ml

10ml

Two 40 inl vials;
no air space

8 oz. glass jar
with Teflon-lined
cap

4 oz. glass jar
with Tenon-lined
cap

8 oz. glass jar
with Teflon-lined
cap

8 or glass jar
with Teflon-lined -
cap

8 oz. glass jar
with Teflon-lined
cap

8 oz. glass jar
with Teflon-lined
cap

8 oz. glass jar
with Teflon-lined
cap

Two 40 ml vials;
no air space

1/2 gallon amber
glass bottle

1/2 gallon amber
glass bottle

1/2 gallon amber
glass bottle

1 L polyethylene
bottle with
polyethylene-lined
cap

1 L polyethylene
bottle with
polyethylene-lined
cap

125ml
polyethylene bottle
with polyethylene-
lined cap

125ml °
polyethylene bottle
with polyethylene-
lined cap

Preservation

Soil Water

Coolto4°C
(ice in cooler)

Coolto4°C
(ice in cooler)

Cool to 4 °C
(ice in cooler)

Cool 10 4 °C
(ice in cooler)

Coolto4°C
(ice in cooler)

Cool to 4°C
(ice in cooler)

Ccolto4°C
(ice in cooler)

Coollo4°C
(ice in cooler)

Add HCI un t i l pH <2
and cool to4°C(ice
in cooler)

Cool to 4°C (ice in
cooler)

Cool to 4°C (ice in
cooler)

Cool to 4°C (ice in
cooler)

Add HN03 unt i l pH
<2 and cool to4°C
(ice in cooler)

Add NaOH until pH
>12andcoolto4°C
(ice in cooler)

Cool to 4°C (ice in
cooler)

Add H2S<J4 until pH
<2 and cool to 4° C
(ice in cooler)

m

Key at end of table.
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TaWe 8-2

UVDAIRB SAMPLE MOLDING TIMES,' PRESERVATION METHODS, AND VOLUME REQUIREMENTS

Holding Tiim 1 Minimum Volume Required I Container Type 1 Pre&ervaiion
11 11 II

Protocol
Parameter

Total Organic
Halides (TOX)a'e

Total Recoverable
Petroleum
Hydrocarbons

Soil

NA

28 days from
date sampled

Water

7 days from date
sampled

28 days from
date sampled

Soil

lOOg

50 g

Water

200ml

1 L

'Soil

8 oz. glass jar
with Teflon-lined
cap

8oz. glass jar
with Teflon-lined
cap

Water

1 L amber glass
bottle

1 L amber glass
bottle

Soil

Cool to 4 3C
(ice in cooler)

Cool to 4 "C
(ice in cooler)

Water JJ

Add H2SO4 until pH 1
<2andccolto4°C
(ice in cooler) II

Add H2SO4 until pH 11
<2 and cool to 4"C
(ice in cooler)

USEPA-CLP

VOAC

Semi-VOA (BNAs)C

PCBsa'e

Pesticides/PCBsa'e

Metals

Cyanide

lOdays from
date received

10 days to
extract from date
received

10 days to
extract from dale
received

10 days to
extract from date
received

6 months from
date sampled

1 2 days from
date received

1 0 days from
date received

5 days to extract
from date
received

5 days to extract
from date
received

5 days to extract
from date
received

6 months from
date sampled

1 2 days from
dale received

15 g

30 g

30 g

30 g

10g

10g

One 40 ml vial; no
air space

1 L

1 L

1 L

300ml

100 ml

Two 40 ml vials;
no air space

8 oz. glass jar
with Teflon-lined
cap

4 oz. glass jar
with Teflon-lined
cap

8 oz. glass jar
with Teflon-lined
cap

8 oz. glass jar
with Teflon-lined
cap

8 oz. glass jar
with Teflon-lined
cap

Two 40 ml vials;
no air space

1/2 gallon amber
glass bottle

1/2 gal Ion amber
glass bottle

1/2 gallon amber
glass bottle

1 L polyethylene
bottle with
polyethylene-lined
cap

I L polyethylene
bottle with
polyethylene-lined
cap

Cool to 4 JC
(ice in cooler)

Coolto4°C
(ice in cooler)

Coolto4°C
(ice in cooler)

Coolto4°C
(ice in cooler)

CooIto4°C
(ice in cooler)

Coolto4°C
(ice in cooler)

Add HCI until pH <2
and cool to 4°C (ice
in cooler)

Cool to 4°C (ice in
cooler)

Cool to 4°C (ice in II
cooler)

Cool to 4"C (ice in
cooler)

Add HN03 to pH <2
and cool to 4°C (ice
in cooler)

Add NaOH to pH 1
>l2andccolto4°C
(ice in cooler) I

NYSDEC-CLP A j,_ '° J

VOAD'<

Semi-VOA (BNAs)'

7 days from date
received

5 days to extract
from date
received

10 days from
date received

5 days to extract
from date
received

i I5g

30 g

One 40 ml vial; no
air space

I L

Two 40 ml vials;
no air space

8 oz. glass jar
with Teflon-lined
cap

Two 40 ml vials;
no air space

1/2 gallon amber
glass bottle

Cool to 4 "C
(ice in cooler)

Cool to 4 °C
(ice in cooler)

Add HGl'unlil pH <2
and cool to 4°C (ice
in cooler) |

Cool to 4°C (ice in
cooler)

f 4

Me

IK

fig B
W 9 &

Key at end of table.



TabSe 8-2

STANDARD SAMPLE HOLDING TIMES, PRESERVATION METHODS, AND VOLUME REQUIREMENTS

Protocol
Pa ra meter

PCBsdC

Pcslicidcs/PCBsd'e

Metals

Cyanide

Holding Time

Soil

5 days to extract
from date
received

5 days to extract
from date
received

6 months from
date sampled

1 2 days from
date received

Water

5 days to extract
from date
received

5 days to extract
from date
received

6 months from
date sampled

1 2 days from
date received

Minimum Volume Required

Soil

30 g

30 g

l O g

l O g

Water

1 L

1 L

300ml

100ml

Container Type

Soil

4oz- glass jar
with Teflon-lined
cap

8 oz. glass jar
with Teflon-lined
cap

8 oz. glass jar
with Teflon-lined
cap

8 oz. glass jar
with Teflon-lined
cap

Water

1/2 gallon amber
glass bottle

1/2 gallon amber
glass bottle

1 L polyethylene
bottle with
polyethylene-lined
cap

1 L polyethylene
bottle with
polyethylene-lined
cap

Preservation

Soil

Cool to 4"C
(ice in cooler)

Coolto4°C
(ice in cooler)

Coolto4aC
(ice in cooler)

Cool to 4°C
(ice in cooler)

Water

Cool to 4°C (ice in
cooler)

Cool to 4°C (ice in
cooler)

Add HN03 to pH <2
and cool to 4°C (ice
in cooler)

Add NaOH to pH
>12 and cool io4eC
(ice in cooler)

EPA Water and Waste

Total dissolved solids
(TDS)

NA 7 days from date
sampled

NA 200ml NA 1 L polyethylene
bottle with
polyethylene-lined
cap

NA Cool to 4°C (ice in
cooler)

Note: All sample bottles will be prepared in accordance with EPA bottle-wash ing procedures. These procedures are incorporated in E & E's Laboratory and Reid Personnel Chain-of-
Custody Documentation and Quality Assurance/Quality Control Procedures Manual, July 1987.

a
L Technical requirements for sample holding times have been established for water matrices only. However, they are also suggested for use as guidelines in evaluating soil data.

Holding time for GC/MS analysis is 7 days if samples are not preserved,
j Maximum holding time for mercury is 28 days from time sampled.

If one container has already been collected for PCBs analysis, then only one additional container need be collected for extraclable organics, BN As, or pesticides/PCBs analysis,c
Extra containers required for MS/MSD. j o ' 0

I " 'Key:

NA = Not applicable. £l
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8.4.1 Sample Quality and Volume
»

The volume and number of samples necessary for site characterization will vary according to
the budget, project schedule, and sampling approach.

Sample preservation and holding times are as discussed in Section 4.

SA3 IRteir

Discard materials in a sample that are not relevant for site or sample characterization (e.g.,
glass, rocks, and leaves), since their presence may introduce an error in analytical procedures.

BAA

Homogenizing is the mixing of a sample to provide a uniform distribution of the contaminants.
Proper homogenization ensures that the containerized samples are representative of ths total soil
sample collected. All samples to be composited or split should be homogenized after all aliquots have
been combined. Do not homogenize samples for volatile compound analysis.

Compositing is the process of physically combining and homogenizing several individual soil
aliquots of the same volume or weight. Compositing samples provides an average concentration of
contaminants over a certain number of sampling points. Compositing dilutes high concentration
aliquots; therefore, detection limits should be reduced accordingly. If the composite area is
heterogeneous in concentration and its composite value is to be compared to a particular action-level,
then that action-level must be divided by the total number of aliquots making up the composite for
accurate determination of the detection limit.

BAM ~~ ~

Splitting samples (after preparation) is performed when multiple portions of the same samples .
are required to be analyzed separately. Fill the sample containers simultaneously with alternate
spoonfuls of the homogenized sample (see Figure 8-7).

Decontaminate all equipment according to E & E's SOP for Equipment Decontamination (see
ENV3.15).

8.5.2 Office

Organize field notes into a report format and transfer logging information to appropriate forms.
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Stepl:

° Cone Sample on hard, clean surface
° Mix by forming new cone

° Remix opposite quarters
° Reform cone
° Repeat a minimum of 5 times

Step 2:

° Quarter after flattening cone

Step 3:

° Divide sample into quarters

After: ASTM Standard C702-87

Figure 8-7 Quartering to Homogenize and Split Samples
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There are no specific calculations required for these procedures.

The objective of QA/QC is to identify and implement methodologies that limit the introduction of
error into sampling and analytical procedures.

10.11

UOJ.H

All soil samples shall be documented in accordance with E & E's SOP for Sample Packaging
and Shipping (see ENV 3.16). The soil sample label is filled out prior to collecting the sample and
should contain the following:

1. Site name or identification.

2. Sample location and identifier.

3. Date samples were collected in a day, month, year format (e.g., 03 Jan 88 for January 3,
1988).

4. Time of sample collection, using 24-hour clock in the hours: minutes format.

5. Sample depth interval. Units used for depths should be in feet and 10ths of feet.

6. Preservatives used, if any. ^ ^

7. Analysis required.

8. Sampling personnel.

9. Comments and other relevant observations (e.g., color, odor, sample technique).

A bound field notebook will be maintained by field personnel to record daily activities, including
sample collection and tracking information. A separate entry will be made for each sample collected.
These entries should include information from the sample label and a complete physical description of
the soil sample, including texture, color (including notation of soil mottling), consistency, moisture
content, cementation, and structure.

10.1.3 Chain-otf-CusSody

Use the chain-of-custody form to document the types and numbers of soil samples collected
and logged. Refer to E & E's SOP for Sample Packaging and Shipping (see ENV 3.16) for directions on
filling out this form.
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Desi

1.

2.

3.

4.

Sampling situations vary widely; thus, no universal sampling procedure can be- -
recommended. However, a sampling plan should be implemented before any sampling
operation is attempted, with attention paid to contaminant type and potential concentration
variations.

Any of the sampling methods described here should allow a representative soil sample to
be obtained, if the sampling plan is properly designed.

Consideration must also be given to the collection of a sample representative of all horizons
present in the soil. Selection of the proper sampler will facilitate this procedure.

A stringent QA project plan should be outlined before any sampling operation (^attempted.
This should include, but not be limited to, properly cleaned samplers and sample
containers, appropriate sample collection procedures, chain-of-custody procedures, and
QA/QC samples.

mi
The data generated will be reviewed according to the QA/QC considerations that are identified

in Section 10.

11.1 ©yaSoty Assuraoce/QoaBfty Control Samples

QA/QC samples are used to identify error due to sampling and/or analytical methodologies and
chain-of-custody procedures.

11.1.1 Field DypBicates (Replicates)

Field duplicates are collected from one location and treated as separate samples throughout the
sample handling and analytical processes. These samples are used to assess total error for critical
samples with contaminant concentrations near the action level.

H 1.1.2 ©

Collocated samples are generally collected 1.5 to 3.0 feet away from selected field samples to
determine both local soil and contaminant variations on site. These samples are used to evaluate site
variation within the immediate vicinity of sample collection.

11.1.3 Background Samples

Background or "clean" samples are collected from an area upgradient from the contamination
area and representative of the typical conditions. These samples provide a standard for comparison of
on-site contaminant concentration levels.

11.1.4 Rinsate (Equipment) Blanks

Rinsate blanks are collected-by pouring analyte-free water (i.e., laboratory de-ionized water) on
decontaminated sampling equipment to test for residual contamination. These samples are used to
assess potential cross contamination due to improper decontamination procedures.
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11.1.5 IPerfoirmainiee Evaluation Samples

Performance evaluation samples are generally prepared by a third party, using a qsarality of
analyte(s) known to the preparer but unknown to the laboratory. The percentage of analyte(s) identified
in the sample is used to evaluate laboratory procedural error.

1H.H.S BflfflWu Spike/Mate Spote Dyptafies (MS/MSD)

MS/MSD samples are spiked in the laboratory with a known quantity of analyte(s) to confirm
percent recoveries. They are primarily used to check sample matrix interferences.

Field blanks are prepared in the field with certified clean sand, soil, or water. These°samples
are used to evaluate contamination error associated with sampling methodology and laboratory
procedures.

Trip blanks are prepared prior to going into the field using certified clean sand, soil, or water.
These samples are used to assess error associated with sampling methodology and analytical
procedures for volatile organics.

Hasan

He

^ssocoafted Woftlh ©oSote Coinitainmllimainittg

Depending on site-specific contaminants, various protective programs must be implemented
prior to soil sampling. The site Health and Safety Plan should be reviewed with specific emphasis
placed on a protection program planned for direct-contact tasks. Standard safe operating prafitjs.es
should be followed, including minimization of contact with potential contaminants in both the vapor
phase and solid matrix by using both respirators and disposable clothing.

Use appropriate safe work practices for the type of contaminant expected (or determined from
previous sampling efforts):

° Particulate or Metals Contaminants
- Avoid skin contact with, and ingestion of, soils and dusts.
- Use protective gloves.

° Volatile Organic Contaminants
- Pre-survey the site with an HNu 101 or OVA 128 prior to taking soil samples.
- If monitoring results indicate organic constituents, sampling activities may be conducted in

Level C protection. At a minimum, skin protection will be afforded by disposable protective
clothing.
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None of the information contained in this Ecology and Environment, Inc.,
(E & E) publication is to be construed as granting any right, by
implication or otherwise, for the manufacture, sale, or use in connection
with any method, apparatus, or product covered by letters patent, nor as
ensuring anyone against liability for infringement of letters patent.

Anyone wishing to use this E & E publication should first seek
permission from the company. Every effort has been made by E & E to
ensure the accuracy and reliability of the information contained in the
document; however, the company makes no representations, warranty, or
guarantee in connection with this E & E publication and hereby expressly
disclaims any liability or responsibility for loss or damage resulting from
its use; for any violation of any federal, state, or municipal regulation with
which this E & E publication may conflict; or for the infringement of any
patent resulting from the use of the E & E publication.
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This Standard Operating Procedure (SOP) describes the procedures for the collection of
representative sediment samples. Analysis of sediment samples may determine whether
concentrations of specific pollutants exceed established threshold action levels, and whether the
concentrations of pollutants present a risk to public health, welfare, or the environment.

Included in this discussion are procedures for obtaining representative samples, quality
assurance measures, proper documentation of sampling activities, and recommendations for
personnel safety.

Sediment samples may be recovered using a variety of methods and equipment. These
are dependent on 1) the depth of the water in which the samples will be collected; 2) the
sediment's characteristics; 3) the volume of sediment required; and 4) the type of sample required
(disturbed or undisturbed). Ultimately, the type of sampling device used should be consistent
with the objective of the study.

Near-surface sediment samples may be collected using a scoop or spoon (if near shore or
in shallow water), or sediment dredge or grab sampler (if in deeper water). To obtain other than
surficial sediment samples, core samplers or split-spoon samplers are required.

All sampling devices should be cleaned using pesticide-grade acetone (assuming that
acetone is not a target compound) or methanol, rinsed with distilled water, wrapped in aluminum
foil, and custody sealed for identification. The sampling equipment should remain in this
wrapping until needed. Each sampler should be used for one sample only. However, dedicated
samplers may be impractical if there are a large number of sediment samples to be collected. In
this case, samplers should be cleaned in the field using the decontamination procedures outlined
in E & E's Equipment Decontamination SOP.
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The chemical preservation of sediments is not generally recommended. Refrigeration is
usually the best approach, supplemented by a minimal holding time. Sediment samples should
be handled according to standard techniques and project-specific requirements as detailed in
project work/sampling plans and quality assurance project plans.

Potential problems with sediment sampling include cross-contamination of samples and
improper sample collection. Cross-contamination problems may be eliminated or minimized
through the use of dedicated sampling equipment and bottles. If this is not possible or practical,
then proper decontamination of sampling equipment is necessary. Improper sample collection
can involve using inadequate or inappropriate sampling devices, contaminated equipment,
disturbance of the matrix resulting in compaction of the sample, and inadequate homogenization
of the sample where required, resulting in variable, nonrepresentative results.

The following is a list of equipment and items typically used for sediment sampling:

0 Sampling plan,

° Sample location map,

° Safety equipment, as specified in the health and safety plan,

° Compass,

° • Survey equipment,

° Tape measure,

° Camera,
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ŝ ^^^ .̂T ŝsg ŝss:?^2QT:;:: .:.

° Four-ounce and eight-ounce glass jars with teflon liners,

° 40-ml glass vials with teflon-backed septum,

° Plastic bags for sample jars,

° Logbook,

° Labels,

° Waterproof ink pen,

° Chain-of-custody forms,

° Shipping cooler,

° Decontamination supplies and equipment, as described in the work plan,

° Canvas or plastic sheeting,

o Stainless-steel scoops,

° Stainless-steel spoons,

° Stainless-steel mixing bowls, or pans,

° Hand-driven split-spoon sampler,

° Shovel,

° Stainless-steel hand auger,

° Sediment dredge/grab sampler,

° Manual, gravity, or mechanical coring devices, and

° Teflon beaker attached to a telescoping pole.
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Sediment sampling does not require the use of reagents except for decontamination of
equipment. Refer to E & E's Equipment Decontamination SOP and the site-specific work plan
for proper decontamination procedures and appropriate solvents.

iJ

Prepare a sampling plan in accordance with contract requirements.
Conduct a literature and information search and review available back-
ground information (e.g., topographic maps, soil survey maps, geological
survey maps, other site reports, etc.) to determine the extent of the
sampling effort, the sampling methods to be employed, and the type and
amounts of equipment and supplies required.

E & E corporate policy requires that a health and safety plan be prepared
prior to commencing any sampling activity. The plan must be approved
and signed by the corporate health and safety officer or his/her designee
(e.g., the regional safety coordinator [RSC]).

Obtain necessary sampling and monitoring equipment (see Section 6),
and ensure that everything is in working order.

Contact delivery service to confirm ability to ship all equipment and
samples. Determine whether shipping restrictions exist.

Prepare schedules and coordinate with staff, clients, property owners, and
regulatory agencies, if appropriate.

Identify local suppliers of sampling expendables and overnight delivery
services (e.g., Federal Express).

Decontaminate or preclean all equipment before sediment sampling, as
described in E & E's Equipment Decontamination SOP, or as deemed
necessary.
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Calibrate all health & safety monitoring equipment daily.

A general site survey should be performed prior to site entry, in accor-
dance with the health and safety plan. A site safety meeting identifying
physical and chemical hazards should be conducted prior to sampling
activities.

Identify and mark all sampling locations. If required, the proposed
locations may be adjusted based on site access, property boundaries, and
surface obstructions. All locations must be cleared of utilities by the
property owner or utility companies prior to sediment sampling.

Numerous techniques and sampling devices may be employed to collect representative
sediment samples. A number of sampling-related factors can contribute to the loss of sample
integrity, including washout of fine-grained sediments during retrieval; compaction due to
sample wall friction; and sampling vessel- or person-induced disturbance of surficial layers.
Choosing the most appropriate sediment sampler for a study will depend on the sediment's
characteristics, the volume and efficiency required, and the objectives of the study.

Most samples will be grab samples, although occasionally, sediment taken from various
locations may be combined into one composite sample to reduce the amount of analytical support
required.

The following procedure is used to collect surface sediment samples from small, low-
flowing streams or near the shore of a pond or lake:

1. The sampler should select the sampling location furthest downstream for ,
the first sample and work upstream. This will reduce the potential for
disturbed sediments from migrating down to unsampled locations. This
technique will also reduce the chances of cross-contaminating subsequent
samples by sampling first in areas of suspected low contamination and
working to the suspected higher concentration areas.

2. Using a precleaned, stainless-steel scoop, spoon, or other appropriate
device, remove the required volume of sediment from the desired surface
interval (e.g., 0-inch to 6-inch), place the sample in the appropriate
precleaned glass jar, decant excess liquid as necessary, and secure the
teflon-lined lid to the jar. If the sample is to be a composite sample, or if
the sample is to be homogenized, the sediment is first placed in a
stainless-steel mixing bowl and is homogenized prior to placement in the
glass sample container. Samples for volatile organic analysis are not
homogenized. Samples are handled in accordance with project-specific
requirements.
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5.

Carefully and clearly identify the jar with the appropriate sample label,
ensuring that all the categories or parameters listed in Section 10.1.1 have
been addressed. Place a custody seal on the jar and lid, secure the seal inr

place with clear tape, and refrigerate the sample. The clear tape should
also cover the jar's label.

Use the chain-of-custody form to document the types and number of
sediment samples collected for shipment to a laboratory for analyses.

In the field logbook record the time and date of sample collection, as well
as a description of the sample and any associated air monitoring measure-
ments.

6. Decontaminate sampling equipment in accordance with E & E's Equip-
ment Decontamination SOP.

The following procedure is used to collect subsurface sediment samples from small, low-
flowing streams or near the shore of a pond or lake:

1. The sampler should select the sampling location farthest downstream for
the first sample and work upstream. This will reduce the potential for
disturbed sediments from migrating downstream to unsampled locations,
and will also reduce the chances of cross-contaminating subsequent
samples.

2. Using a precleaned split-spoon sampler or other hollow coring device,
drive the sampler to the required depth with a smooth continuous motion.
Remove the coring device by rotating and lifting it in a single smooth "~_~"
motion until the sampler is free from the sediment.

3. Before the sediment sample can be removed from the sampling device,
the overlying water must be removed from the sampler by slowly pouring
or siphoning it off near one side of the sampler. Care should be taken to
ensure that the sediments are not disturbed, and that the fine-grained
surficial sediment and organic matter are not lost while removing the
overlying water.

4. Disassemble the split-spoon sampler by placing pipe wrenches on either
end of the sampler. Remove both ends and open the split spoon with a
precleaned stainless-steel spoon. Recover the sediment core from a core
tube by pushing the sample out with a precleaned stainless-steel spoon.
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5. Collect the necessary sample by cutting the core with the handle of a
precleaned stainless-steel spoon, placing the sample in the appropriate ~ •_
precleaned glass jar, and securing the teflon-lined lid to the jar. Samples
are handled in accordance with project-specific requirements.

6. Carefully and clearly label the jar with the appropriate sample tag, ensur-
ing that all of the categories or parameters listed in Section 10.1.1 have
been addressed. Place a custody seal on the jar and lid, and secure the
seal in place with clear tape.

7. Use the chain-of-custody form to document the types and number of
sediment samples collected and logged.

8. Record the time and date of sample collection, as well as a description of
the sample and any associated air monitoring measurements, in the field
logbook.

9. Decontaminate sampling equipment as per E & E's Equipment Decon-
tamination SOP.

The following procedure is used to collect surface samples from rivers or from deeper
lakes and ponds:

1. The sampler should select the sampling location farthest downstream for
the first sample and work upstream. This will reduce the potential for
disturbed sediments to migrate downstream to unsampled locations.

2. Using a precleaned sediment dredge pr grab sampler, lower the sampler
to the sediment layer with a polypropylene rope. Depending on the type
of sampler used, the jaws of the sediment dredge will either automatically
close, or will be triggered with a weighted messenger.

3. Recover the sampler and empty the sediment sample into a precleaned
stainless-steel bowl. The water layer should be decanted slowly until
only sediment remains in the bowl.

4. Using a precleaned stainless-steel spoon, remove the required volume of
sediment. Place the sample in the appropriate precleaned glass jar, and
secure the Teflon-lined lid to the jar.

5. Carefully and clearly identify the jar with the appropriate sample label,
ensuring that all of the categories or parameters listed in Section 10.1.1
have been addressed. Place a custody seal on the jar and lid, and secure
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the seal in place with clear tape. The clear tape should cover the sample
label. _ ;

6. Use the chain-of-custody form to document the types and number of
sediment samples collected for shipment to a laboratory for analyses.

7. Record the time and date of sample collection, as well as a description of
the sample and any associated air monitoring measurements, in the field
logbook.

8. Decontaminate sampling equipment in accordance with E & E's Equip-
ment Decontamination SOP.

The following procedure is used to collect subsurface samples from rivers or from deeper
lakes and ponds:

1. The sampler should select the sampling location farthest downstream for
the first sample and work upstream. This will reduce the potential for
disturbed sediments to migrate downstream to unsampled locations.

2. Attach a precleaned gravity or mechanical coring device to the required
length of polypropylene sample line and allow the corer to freefall
through the water to the bottom.

3. Determine the depth of sediment penetration, and if acceptable, retrieve
the corer with a smooth, continuous lifting motion.

4. Remove the overlying water from the corer by slowly pouring or siphon-
ing it off near one side of the sampler. Remove the nosepiece from the
corer, and slide the sample out of the corer into a stainless-steel bowl or
tray.

5. Collect the necessary sample by cutting the core with the handle of a
stainless-steel spoon, placing the sample in the appropriate precleaned
glass jar, and securing the teflon-lined lid to the jar. Samples are handled
in accordance with project-specific requirements.

6. Carefully and clearly label the jar with the appropriate sample tag, ensur-
ing that all of the categories or parameters listed in Section 10.1.1 have
been addressed. Place a custody seal on the jar and lid, and secure the
seal in place with clear tape.
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1. Use the chain-of-custody form to document the types and number of
sediment samples collected for shipment to a laboratory for analyses. -

8. Record the time and date of sample collection, as well as a description of
the sample and any associated air monitoring measurements, in the field
logbook.

9. Decontaminate sampling equipment in accordance with E & E's Equip-
ment Decontamination SOP.

8.4 PostoperatJons

1. Decontaminate all equipment according to E & E's Equipment Decontam-
ination SOP prior to shipping the equipment back to the warehouse..

2. Organize field notes into the report format required by E & E's Field
Report Preparation SOP. Logbooks should be maintained according to
E & E's Field Activities Log Book SOP.

3. All samples should be shipped on the same day that they were collected
to arrive at the laboratory not more than 24 hours after the samples were
collected in accordance with E & E's Sample Packaging SOP.

There are no specific calculations required for sediment sampling.

3.1.1 e

All sediment samples shall be documented in accordance with standard labeling
techniques and project-specific requirements. The sediment sample label is completed to the
fullest possible extent, prior to collecting the sample, and should contain the following minimum
information:



i

L..,.. : .jijipjiir̂ SED1MEWT SAMPLING

ENV 3.8 March 1998

° Site name or identification;

o Sample location and identifier;

° Date sample was collected in a day, month, year format (e.g., 03 JUN 91
for June 3, 1991);

° Time of sample collection, using 24-hour clock in the hours: minutes
format; and

° Analysis required.

A bound field logbook will be maintained by field personnel to record daily activities in
accordance with E & E's Field Activities Logbooks SOP and include sample collection, tracking,
and shipping information. A separate entry will be made for each sample collected. These
entries should include information from the sample label and a complete description of the
location from which the sediment sample was collected.

Use the chain-of-custody form to document the types and number of sediment samples
collected and logged.

Many of the activities critical to ensuring that the collected samples are of
high quality take place in the pre-collection planning and preparation
stage. Careful planning and attention to detail at this stage will result in a
more successful sampling effort, and will ensure collection of the highest
quality samples possible. Since site and sampling conditions vary
widely, and no universal sampling procedure can be recommended, a
detailed sampling plan, consistent with the objectives of the study, must
be developed prior to any sampling activities.

Any of the sampling methods described here should allow a representa-
tive sediment sample to be obtained if the sampling plan is properly
designed.

Consideration must also be given to the collection of a sample representa-
tive of all horizons present in the sediment. Selection of the proper
sampling device will facilitate this procedure.

10
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A stringent quality assurance project plan (QAPP) should be outlined
before any sampling operation is attempted. This should include, but not.
be limited to, the use of properly cleaned samplers and sample containers,
chain-of-custody procedures, and collection of quality assurance samples
such as field blanks, trip blanks, and duplicate samples.

11. Data Validation

The data generated will be reviewed according to quality assurance (QA) considerations
identified in Section 10.

1;

Depending on site-specific contaminants, various protective programs must be imple-
mented prior to sediment sampling. The site safety plan should be reviewed with specific
emphasis placed on a protection program planned for direct contact tasks. Standard safe
operating practices should be followed, including minimizing contact with potential contami-
nants in both vapor and solid matrix by using both respirators and disposable clothing.

Use appropriate safe work practices for the type of contaminant expected (or determined
from previous sampling efforts):

° Avoid skin contact with and incidental ingestion of dust. Wash hands
and other exposed skin areas routinely.

° Use protective gloves when collecting and handling the sediment sam-
ples.

Volatile Organic Contaminants

° Hexane acts as a carrier for a number of semivolatile organic compounds.
The presence of hexane vapors in the air while decontaminating samplers
indicates that the potential for exposure exists.

° If monitoring results indicate the presence of organic vapors, sampling
activities must be conducted in Level C protection.

11



° Acetone can penetrate some types of surgical gloves; use the appropriate
gloves, such as Scorpio neoprene gloves, when handling acetone.
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The objective of this Standard Operating Procedures (SOP) document is to provide
recommended procedures for the sampling of groundwater wells, and is primarily concerned with
the collection of water samples from the saturated zone of the subsurface. Every effort must be
made to ensure that the sample is representative of the particular zone of water being sampled.
Groundwater sampling procedures appropriate to the project objectives and site conditions will
define a sampling event.

Analysis of groundwater samples may determine pollutant concentrations and its risk to
public health, welfare, or the environment; extent of contaminants; and confirmation of remedial
standards.

This document describes procedures for obtaining representative groundwater samples,
quality assurance/quality control (QA/QC) measures to be followed, proper documentation of
sampling activities, and recommendations for personnel safety.

Before sampling a monitoring well, the well must be purged. This may be done with a
number of portable devices, including bailers, submersible pumps, bladder pumps, gas-driven
pumps, gas-lift pumps, suction-lift pumps, and inertial-lift pumps. Refer to the E & E Standard
Operating Procedure for Groundwater Sampling Devices (ENV 3.6) for information on different
groundwater purging and sampling devices.

A minimum of three well volumes should be removed during well purging to ensure that
a representative sample of the groundwater will be sampled. Once the purging is completed and
the properly prepared sample containers have been selected, sampling may proceed. Numerous
types of sampling devices may be selected for the collection of the groundwater sample, but care
should be taken when selecting the sampling device, as some will affect the integrity of the
sample.

Sampling should occur in a progression from the least to most contaminated well, if
known. Ideally, a dedicated sampling device should be used for each well. However, dedicated
sampling devices may not be practical if there are a large number of groundwater samples to be
collected. In this case, sampling devices should be cleaned between sampling events using the
decontamination procedures outlined in E & E Standard Operating Procedure for Equipment
Decontamination (ENV 3.15).

1
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The type of analysis for which a sample is being collected determines the type of bottle,
preservative, holding time, and filtering requirements (see Table 1). Chemical preservation and
cooling of samples to 4 degrees Celcius only retards biological and chemical degradation of
contaminants in the sample. Therefore, it is prudent to have the samples delivered to the
laboratory as soon as possible following collection.

Sample containers should be precleaned in accordance with U.S. EnvironmenFal
Protection Agency (EPA) standards and prelabeled, and preservatives should be placed in the
containers prior to sample collection. When filling containers, never overfill or prerinse with the
water sample, since oil or other substances may remain in the container. For analyses that may
require filtered samples (e.g., metals and TOC), the samples should be filtered in the field using
one 0.45-micrometer (jim) membrane filter per sample container prior to being preserved.

When all samples have been collected, a field data sheet and a chain-of-custody (C-O-C)
form should be completed, and all pertinent data entered in the field logbook. Samples will be
placed in a cooler to be maintained on ice at 4 degrees Celcius. Samples must be shipped to
arrive at the designated laboratory well before their holding times are reached. It is preferable
that these samples be shipped or delivered daily to the laboratory as outlined in the E & E
Standard Operating Procedure for Sample Packaging and Shipping (ENV 3.16).

The primary goal is to obtain a representative analysis of the groundwater body. The
analysis can be compromised by field personnel in two primary ways: by collecting an unrepre-
sentative sample, and by incorrect handling of the sample. There are numerous ways that foreign
contaminants can be introduced into the sample, and these must be avoided by following strict
sampling procedures and utilization of trained personnel.
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Table 1

SW-846 SAMPLE HOLDING TIMES, PRESERVATION METHODS, AND VOLUME
REQUIREMENTS FOR WATER SAMPLES

Protocol
Parameter

VGA

Semi-VOA
(BNAs)

PCBs

Pesticides and
PCBs

Metals

Cyanide

Hexavalent
chromium

TOC

TOX

TRPHs

Holding
Time

14 days from date
sampled

7 days to extract
from date sampled

7 days to extract
from date sampled

7 days to extract
from date sampled

6 months from date
sampled

14 days from date
sampled

24 hours from time
sampled

28 days from date
sampled

7 days from date
sampled

28 days from date
sampled

Minimum
Volume

One40-ml vial; no
air space

One 1-Ljar

One 1-Ljar

One 1-Ljar

One 300-ml bottle

One 100- ml bottle

One 50-ml bottle

One 10-ml bottle

One 200-ml bottle

One 1-L bottle

Container
Type

Two 40-ml vials

1/2-gallon amber
glass bottle

1/2-gallon amber
glass bottle

1/2-gallon amber
glass bottle

1-L poly bottle

1-L poly bottle

125-mI poly bottle

125-ml poly bottle

1-L amber glass
bottle

1-L amber glass
bottle

Preservation

Add HC1 until pH
<2 and ice to 4° C |

Ice to 4 °C )

Ice to 4°C

Ice to 4 °C

Add HN03 until pH
<2 and ice to 4°C ||

Add NaOH until pH
>12andiceto4°C

Ice to 4°C

Add H2SO4 unt i l
pH <2 and ice to
4°C

Add H2S04 unti l
pH <2 and ice to
4°C

Add H2SO4 until
pH <2 and ice to
4°C lj
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In a nonpumping well, there will be little or no vertical mixing of the water, ancf
stratification will occur. The well water in the screened interval will mix with the groundwater
due to normal flow patterns, but the water above the screened interval will remain isolated and
become stagnant. Sampling team members should realize that stagnant water may contain
foreign material inadvertently or deliberately introduced from the surface. To safeguard against
collecting nonrepresentative stagnant water in a sample, the following guidelines and techniques
should be adhered to during well purging and sampling:

° As a general rule, all monitoring wells should be pumped or bailed prior
to the collection of the sample. Evacuation of a minimum of one volume °
of water in the well casing, and preferably three to five volumes, is
recommended for a representative sample. In a high-yielding groundwa-
ter formation and where there is no stagnant water in the well above the
screened section, evacuation prior to sample collection is not as critical.
However, in all cases where the monitoring data are to be used for
enforcement actions, evacuation is recommended.

° For wells that can be pumped or bailed dry, the well should be evacuated
and allowed to recover prior to sample withdrawal. If the recovery rate is
fairly rapid and time allows, evacuation of more than one volume of
water is preferred.

° A nonrepresentative sample can also result from excessive pumping of
the monitoring well. Stratification of the leachate concentrations in the
groundwater formation may occur or compounds that are heavier than
water may sink to the lower portions of the aquifer. Excessive pumping °"_~"
can dilute or increase the contaminant concentrations from what is
representative of the sampling point of interest.
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Table 2

Device

Bailer

Submersible
Pump

Non-Gas
Contact
Bladder
Pump

ADVANTAGES AND DISADVANTAGES OF VARIOUS
GROUNDWATER SAMPLING DEVICES

Advantages Disadvantages

The only practical limitations are size and materials
No power source needed
Portable
Inexpensive; it can be dedicated and hung in a well, reducing the
chances of cross-contamination
Minimal outgassing of volatile organics while sample is in bailer
Readily available
Removes stagnant water first
Rapid, simple method for removing small volumes of purge water

Portable; can be used on an unlimited number of wells
' Relatively high pumping rale (dependent on depth and size of
pump)
Generally very reliable; does not require priming

Maintains integrity of sample
Easy to use

Suction
Pump

Inertia Pump

Portable, inexpensive, and readily available

Portable, inexpensive, and readily available
Rapid method for purging relatively shallow wells

Time consuming, especially for
large welts
Transfer of sample may cause
aeration

Potential for effects on analysis of
trace organics
Heavy and cumbersome,
particularly in deeper wells
Expensive
Power source needed
Susceptible to damage from silt or
sediment
Impractical in low-yielding or
shallow wells

Difficult to clean, although
dedicated tubing and bladder may
be used
Only useful at depths down to
approximately 100 feet
Supply of gas for operation
(bottled gas and/or compressor) is
difficult to obtain and is
cumbersome

Only useful at depths dowiTJB
approximately 25 feet
Vacuum can cause loss of
dissolved gases and volatile
organics
Pump must be primed and vacuum
is often difficult to maintain
May cause pH modification

Only useful at depths down to
approximately 70 feet
May be lime consuming to use
Labor-intensive
WaTerra pump is only effective in
2-inch diameter wells
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The material used to construct groundwater purging and sampling devices can"have a
significant impact on the analytical results. If practical, equipment that contacts the groundwater
should be constructed from stainless steel, teflon, or glass. The use of plastic should be avoided
when analyzing for organics. Table 2 discusses the advantages and disadvantages of groundwa-
ter sampling devices, and Table 3 provides a ranking of sample material compatibility under
various aqueous environments.

I Table 3
t o

RELATIVE COMPATIBILITY OF
RIGID GROUNBWATER SAMPLING MATERIALS

Buffered Weak
Acid

Weak Acid

Mineral
Acid/High Solids

Aqueous/Organic
Mixtures

Percent Overall
Rating

PVC
I

100

98

100

64

91

Galvanized
Steel

56

59

48

69

58

Carbon
Steel

51

43

57

73

56

Low-carbon
Steel

59

47

60

73

59

Stainless
Steel 304

97

96

80

98

93

Stainless
Steal 316

100

100

82

100

96

Teflon

100

ICO

ICO

100

100

Preliminary Ranking of Rigid Materials:

Teflon
Stainless Steel 316
Stainless Steel 304
PVC I
Low-Carbon Steel
Galvanized Steel
Carbon Steel
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6. Equipment Checklist

6.1 GeneraD

° Water level indicator (e.g., electric sounder, steel tape, transducer,
reflection sounder, air line, etc.);

° Depth sounder;

° Appropriate keys for well cap locks;

° Steel brush;

° Organic vapor analyzer (OVA) or photo-ionization meter (HNu);

° Oil/water interface indicator (if necessary);

o Timepiece (preferably a stopwatch);

° Logbook;

° Calculator;

° Field data sheets;

° Bottle labels;

o Chain-of-custody forms;

o Custody seals;

° Sample containers;

o Engineer's rule;

° Sharp knife (locking blade);

° Tool box (screwdrivers, pliers, hacksaw, hammer, flashlight, adjustable
wrench, bolt cutters, etc.);

o Leather work gloves;

° Appropriate personnel protection equipment;
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° 5-galIon pails;

° Plastic sheeting;

° Scalable plastic bags;

° Shipping containers;

° Packing material;

° U.S. Department of Transportation (DOT) shipping labels;

° 55-gallon 1A2 (17-H) drums (if necessary);

o Decontamination solutions;

° Tap water;

° Non-phosphate soap;

° Aluminum foil;

° Garden sprayers;

° Brushes;

0 Preservatives; and

° Distilled or deionized water, as necessary.

° Clean decontaminated bailers of appropriate size and construction mate-
rial;

° Nylon line (enough to dedicate to each well);

° Sharp knife;

° Aluminum foil (to wrap clean bailers);

8



TITLE:

CATEGORY:

GROUNDWATER WELL SAMPLING
•: .;"r7w |̂̂ ^%2W|i:̂ i":';'̂ 7:i;u"J;;. .r:;

° Submersible pumps;

° Pump(s);

° Adequate power supply, generator, or battery;

° 1-inch black poly vinyl chloride (PVC) coil pipe (enough to dedicate to
each well);

° Hose clamps;

° Safety cable (i.e., heavy-grade nylon line);

° Tool box supplement (pipe wrenches, wire strippers, electric tape, heat
shrink, hose connectors, teflon tape);

° Winch or pulley (if desired);

° Gasoline for generator;

° Flow meter with gate valve; and

° 1-inch nipples and various pipe connectors.

Bladder Pumps

° Non-gas contact bladder pump;

° Compressor or nitrogen gas bottles;

° Batteries and charger;

° Teflon tubing (enough to dedicate to each well);

° Swagelock fitting; and

° Toolbox supplement (same as submersible pump).

Sucftioim Pump

° Pump;

° Black coil pipe tubing (enough to dedicate to each well);
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7.1

° Gasoline (if required);

o Toolbox supplement (same as submersible pump);

° Various hose connectors and nipples; and

° Flow meter with gate valve.

° The preparation of a Site-Specific Safety Plan (SSSP) is required prior to
any sampling. The SSSP must be approved and signed by the Corporate
Health and Safety Officer or designee (i.e., the Regional Safety Coordina-
tor [RSC]);

° Prepare a Site-Specific Work Plan (SSWP) to meet the data quality
objectives of the project in accordance with contract requirements.
Review available background information (e.g., topographic maps,
hydrogeologic maps, geologic maps, other site reports, etc.) to determine
the extent of the sampling effort, the sampling method to be employed,
and the type and amounts of equipment and supplies required;

° Obtain necessary sampling and monitoring equipment (see Section 6),
preclean the sampling equipment, and ensure that it is in proper working
order;

° Ensure that batteries are charged, including the OVA, HNu, pump control
box, and large storage batteries;

° Locate local sources for preservatives and decontamination solutions.
Review this matter with the RSC or site safety coordinator;

° Contact delivery service to confirm ability to ship all equipment and
samples. Determine if shipping restrictions exist; and

° Prepare schedules and coordinate with staff, clients, and regulatory
agencies, if appropriate.

10
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7.2 Field Preparation

° Identify local suppliers of expendable sampling equipment such as ice
and baggies, and overnight delivery services;

° Inspect all sampling equipment and reclean, if necessary, prior to ground-
water sampling (see Table 4);

° A general site survey should be performed prior to site entry in accor-
dance with the SSSP followed by a site safety meeting; and

° Identify all well locations.

Table 4

DECONTAMINATION SOLUTIONS

Type of Hazard

Amphoteric-acids and bases

Inorganic acids, metal processing
wastes, heavy metals

Solvents and organic compounds,
oily, greasy unspecified wastes

Pesticides, fungicides, cyanides,
ammonia, and other non-acidic
inorganic wastes

Name of Solution

Sodium bicarbonate

Sodium carbonate

Trisodium phosphate

Calcium hypochlorite

Remarks

5-15% aqueous solution

Good water softener, 10-20%
aqueous solution

Good rinsing solution of detergent,
10% aqueous solution

Excellent disinfectant, bleaching
and oxidizing agent, 10% aqueous
solution

Other Types of Decontamination Solutions "=~

Other Detergents and Aqueous Surfactants

Phosphate-free laboratory detergent (Alconox, Liquinox), Pennsalt 91, Oakite, Gunk, Clorox

Solvents

1,1,2-Trichloroethane, H2-ethyl-hexyl acetate, pesticide-grade isopropanol/acelone/methanol/hexane, heptane
(nonhydrogen bonding), alcohol, diesel fuel, naphtha, beta-propiolactone, carbon tetrachloride, 8% formalinethylene,
8% hexachloromelamine, 1,2-dichloroethane (in solution), Quadcoat

Other Solutions

10% nitric acid, 0.1 N/10%/20% hydrochloric acid

Water

Potable/tap water (demonstrated lo be analyie-free), dist i l led water, deionized water, reagent-grade distilled and
deionized water

Source: Adapted from Devinny et al. 1990; Mickam et al. 1989.

U
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Except for decontamination solutions and sample preservatives, there are no reagents
required for these procedures. Refer to E & E Standard Operating Procedure for Equipment
Decontamination (ENV 3.15), the SSSP, or the SSWP for proper decontamination procedures
and appropriate solvents.

° Start at the least-contaminated well, if known;

° Remove locking well cap. Note the location of the well, time of day, and
date in the field logbook or sample log;

° Remove the well cap covering the well riser;

° Test the well for volatile organic compounds (VOCs) and methane by
conducting a headspace analysis with a combustible gas indicator, an
OVA (for VOCs and methane), or an HNu (for VOCs). Record all
readings in the field logbook;

° Lower water level measuring device into well until the surface of the
water table is encountered;

° Measure the distance from the top of the water table to a reference point
on the well riser or casing (e.g., top of inside casing [TOIC]) and record
the distance in the field logbook;

° Lower the water level measuring device to the bottom of the well, and
measure the total depth of the well using the same reference point on the
well riser or casing. Record the distance in the field logbook.

° Measure the diameter of the well, and calculate the volume of water in
the well by multiplying the number of feet of water by the number of
gallons per foot (see Section 10);

° Determine the required volume of groundwater to be removed from the
well (e.g., three well volumes or as indicated in the SSWP);

12
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° Place plastic sheeting on the ground around the well to minimize the
likelihood of contamination of sampling equipment from soil adjacent to.
the well; and

° Prepare the purging and sampling equipment.

The amount of flushing that a well receives prior to sample collection depends on the
intent of the monitoring program, as well as the hydrogeologic conditions. Programs in which
overall quality determinations of water resources are involved may require long pumping periods
to obtain a sample that is representative of the groundwater. The pumped volume caifbe
determined prior to sampling, or the well can be pumped until selected parameters (e.g.,
temperature, electrical conductance, pH, turbidity, etc.) have stabilized. Care must be taken not
to exceed the recommended purging rate for monitoring well screens (see Table 5).

Monitoring for defining a contaminant plume requires a representative sample of a small
volume of the aquifer. These circumstances require that the well be pumped enough to remove
the stagnant water, but not enough to induce flow from other areas.

During purging, water level measurements may be taken regularly at 15- and 30-secosud
intervals. The data may be used to compute water table or aquifer transmissivity and other
hydraulic characteristics.

Information on the most commonly used groundwater purging and sampling devices can
be found in E & E's SOP for Groundwater Sampling Devices (ENV 3.6).

9.2.1 Baiters

Equipment needed will include a clean decontaminated bailer, nylon line, a sharp knife,
and plastic sheeting. Place the plastic sheeting around the well to prevent contact of uTeUailer or
line with the ground. Attach the line to the bailer, and then lower the bailer until it is completely
submerged. Pull the bailer out of the well; ensure that the line either falls onto the plastic
sheeting or never touches the ground. Empty the bailer into a 5-gallon pail. Repeat the proce-
dure until the required purge volume has been removed. When the 5-gallon pail is full, pour the
water into a 55-gallon drum or handle as indicated in the SSWP.

9.2.2 Submersible Pumps

° Assemble the pump, hose, and safety cable;

° . Lower the pump and assembly into the monitoring well to a point a few
feet below the water level;

° Attach to a power source and commence purging operations;

13
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MAXIMUM RECOMMENDED PURGING RATE FOR MONITORING WELL SCREENS )

Soreem
Tfypz

PVC
(machine slot)

I
PVC (wound)

Stainless Steel
(wire-wound)

Biamster
(in)

2

2

2

2

2

4

4

4

Slot
(in)

0.01

0.02

0.025

0.04

0.051

0.01

0.02

0.025

4 | 0.04

4 0.051

2 | 0.01

OpsmArea
(ft /ft)

0.01 g

0.033

0.042

0.060

0.075

0.036

0.067

0.083

0.120

0.151

0.047

2 j 0.02 | 0.089

2 ( 0.03

2

2

4

4

4

4

4

2

2

2

2

2

4

4

4

4

4

0.04

0.05

0.01

0.02

0.03

0.04

0.05

0.01

0.02

0.03

0.04

0.05

0.01

0.02

0.03

0.04

0.05

Open Area
(%)

3.4

ReEommsmlsd Pumping Rate |

gpmfiftst
0.1 Ms

0.804

6.4 f 1.496

8.0

11.5

14.4

3.4

6.4

8.0

11.5

1.870

2.693

3.385

1.608

2.992

3.740

5.386

14.4 i 6.773

9.0 2.119

17.0 1 3.989

0.124 1 23.7 I 5.579

0.156 1 29.7 I 6.981

0.183

0.078

0.147

0.208

0.262

0.309

0.090

0.157

0.210

0.253

0.287

0.177

0.307

0.410

0.492

0.560

34.9

7.5

14.1

19.9

25.0

29.5

17.1

8.197

3.522

6.607

9.350

11.750

13.869

4.021 |

30.0 | 7.044 |

40.2

48.4

9.444 |

11.376 |

54.8 | 12.872 |

16.9

29.3

39.1

47.0

53.4

7.948

13.776

18.388

22.097

25.120

gymifn at
fl.«7 ffS/s

gprnffli at ,',
0.03 fl/s i

0.563 1 0.241 |

1.047 1 0.449 ;

1.309 | 0.561 )'

1.885 0 0.808 j

2.369 I = 1.015 |

1.1 26J 0.482 |

2.094

2.618

3.770

4.741

0.898 (j

1.122 [I

1.616 j

2.032 1

1.484 1 0.636 j

2.793 1 1.197 |

3.905 | 1.674 3

4.887 | 2.094 ||

5.738 1 2.459 ||

2.465

4.625

6.545

8.225

9.708

2.814

1.057 j]

1.982 |

2.805 |

3.525 11

4.161 1

— k2C6 fl

4.931 J 2.1 13

6.610 2.833

7.963 3.413

9.010 3.862 f

5.563 2.384

9.643 4.133 j!

12.872 5.517 ||

15.468

17.584

6.629 |

7.536 ||
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° Using a flow meter or pail and a stopwatch, determine the flow rate and -
calculate the time required to remove the required volume of water from
the well;

° Place the purge water in 55-gallon drums or handle as indicated in the
SSWP; and

° Lower the pump by stages until it is just above the screen, and continue
to purge until the required volume of water has been removed from the
well. In cases where the well will not yield water at a sufficient recharge-
rate, pump the well dry and allow it to recover.

9.2.3 Non-Gas Contact Bladder Pumps

° Assemble the teflon tubing, pump, and charged control box;

° Procedures for purging with a bladder pump are the same as for a sub-
mersible pump (Section 9.2.2); and

° Be sure to adjust the flow rate to prevent violent jolting of the hose.

9.2.4 Sycftoon Pomps

° Assemble the pump, tubing, and power source; and

° Procedures for purging with a suction pump are the same as for a sub-
mersible pump (Section 9.2.2).

Groundwater samples can be obtained through the use of a number of groundwater
sampling devices. Each groundwater sampling device has its advantages (and disadvantages)
over other devices. Ideally, groundwater sampling devices should be completely inert, economi-
cal to manufacturer, easily cleaned for reuse, able to operate at remote sites in the absence of
power sources, and capable of delivering variable rates for both well purging and sample
collection. There are several other factors to consider when choosing a groundwater sampling
device and care should be taken when selecting the device. Refer to the E & E Standard
Operating Procedure for Groundwater Sampling Devices (ENV 3.6) for additional information.

9.3.1 Bailers

0 Make sure that clean plastic sheeting has been placed around the well;

15



GROUWDWATER WELL:

t ••. iiMarch 1998

° Attach a line to the bailer. If a bailer was used for purging, the same
bailer and line may be used for sampling;

° Lower the bailer slowly and gently into the well, taking care not to shake
the well casing or splash the bailer into the water. Lower the bailer to
different points adjacent to the well screen to ensure that a representative
water sample is collected;

° Slowly and gently retrieve the bailer from the well, avoiding contact with
the well riser;

° Remove the cap from a sample container and place the cap on plastic
sheeting or in a location where it will not be contaminated. Refer to
Section 9.6 for special considerations for volatile organic analysis (VOA)
samples;

° Slowly pour the water into the container;

° Filter and preserve samples as required by the SSWP. Mark the water
level on the container with a pen;

° Prepare the necessary QA samples as outlined in the SSWP;

° Record sample information in the field logbook or on field data sheets,
and complete the C-O-C form;

° Package samples in accordance with the SSWP; and

° Repeat this process until all groundwater samples have been collected.

° Allow the monitoring well to recharge after purging, keeping the pump
just above the screened interval;

° Attach a gate valve to the discharge hose, and reduce the flow rate to a
manageable sampling rate;

° Prepare the sample containers;

° If no gate valve is available, discharge the sample into a clean jar and fi l l
the sample containers from the jar;
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° Complete the sampling and documentation procedures as outlined in
Section 9.3.1; and

° Upon completion, remove the pump and assembly and properly decon-
taminate the pump prior to use in the next well. Do not reuse the dis-
charge tubing.

.3.3 Bladder Pump

° Allow the well to recharge after purging;

° Prepare the sample containers;

° Turn the pump on. Increase the cycle time and reduce the pressure to the
minimum that will allow groundwater to come to the surface;

° Complete the sampling and documentation procedures as outlined in
Section 9.3.1;

° Upon completion, remove the tubing from the well and either replace the
teflon tubing and bladder with new dedicated tubing and bladder, or
properly decontaminate the existing material;

° Nonfiltered groundwater samples should be collected directly from the
outlet tubing into the sample containers; and

° Filtered groundwater samples should be obtained by connecting the pump
outlet tubing directly to the filter unit. The pump pressure should be
reduced to prevent a pressure buildup on the filter, which could damage
the pump bladder.

° Allow the well to recharge;

° Attach a gate valve to the discharge line if the suction pump discharge
rate cannot be controlled, or discharge the sample into a clean glass jar
and fil l the sample containers from the jar;

° Sample as outlined in Section 9.3.1; and

o Upon completion, remove the tubing and properly decontaminate the
pump prior to use in the next well. Do not reuse the tubing.
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Samples being analyzed for total dissolved metals and total organic carbons (TDC) may
require filtering. Two types of filters are commonly used: barrel filters and vacuum filters. A
barrel filter works with a bicycle pump, which is used to build up positive pressure in the
chamber containing the sample. Water is then forced through 0.45-fim filter paper into a jar.
The barrel itself is filled manually.

A vacuum filter involves two chambers: the upper chamber contains the sample, and a
QAS-fim filter divides the two chambers. Using a portable vacuum pump, air is withdrawn from
the lower chamber, creating a vacuum, which causes the sample to move through the filter into
the lower chamber. Repeated pumping may be required to drain all of the sample into the lower
chamber. If preservation of the samples is necessary, this should be done after filtering-.

After all samples have been collected and preserved, the sampling equipment should be
properly decontaminated to prevent cross-contamination of samples.

° Decontaminate all equipment according to the SSWP;

° Replace sampling equipment in storage containers;

° Prepare groundwater samples for shipment. Check sample documenta-
tion and make sure samples are properly packed for shipment; and

° Organize field notes into a report format and transfer logging information
to appropriate forms.

The proper collection of a sample for dissolved VOCs requires minimal disturbance of
the sample to limit volatilization and subsequent loss of volatiles from the sample.

Sample retrieval systems suitable for the valid collection of volatile organic samples
include: positive-displacement bladder pumps, gear-driven submersible pumps, and syringe
samplers and bailers. Field conditions and other constraints will limit the choice of appropriate
systems. The principal objective is to provide a valid sample for analysis that has been subjected
to the least amount of turbulence possible.

The following procedures should be followed when collecting VOA samples:

° Open the vial, set the cap in a clean place, and place the proper amount of
preservatives (HCl) in the vial;

° Fill the vial to the top unti l a convex meniscus forms on the top of the
vial. Do not overfill the vial;
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° Check that the cap has not been contaminated, and carefully cap the vial.
Place the cap directly over the top and screw down firmly. Do not
overtighten and break the cap;

° Invert the vial and tap gently. If an air bubble appears, discard the sample
and begin again. It is imperative that no entrapped air remains in the
sample vial;

° Place the VOA vial in a cooler, oriented so that it is lying on its side, not
straight up; and

° The holding time, under most protocol parameters, for VOAs is 14 days
(see Table 1). It is recommended that samples be shipped or delivered to
the laboratory daily. Ensure that the samples remain at 4°C, but do not
allow them to freeze.

10. Calculations

Table 6 presents the volume of water in different size casings and holes. To determine
the volume of water in a well, the calculations are as follows:

V = Tr2(0.163)

where:

V = Static volume of well in gallons

T = Depth of water in well, measured in feet (determined by subtracting the
static water level from the total depth of the well)

r = Inside radius of well casing, measured in inches

0.163 = A constant conversion factor for the conversion of the casing radius
from inches to feet and cubic feet to gallons

19
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[j Table 6

J VOLUME OF WATER IN CA SING OR HOLE

1, Diameter of Casing
or Mole (En)

Gallons per Foot

t! 1 1 0.041

|; 1.5 I 0.092

1

,'J 2.5

0.163

Cubic Feet per Foot
of Depth

0.0055

0.0123

Liter per Meier
of Depth

Cubic Meters per
Meier of Depth

0.509 | 0.509x10°

1.142

0.0218 2.024

1.142x10°

2.024x10°

0.255 | 0.0341 3.167 || 3.167x10°

3 | 0.367

3.5 0.500

4 1 0.653

4.5

| 5

0.0491 4.558

0.0668 6.209

4.558 x 10°

6.209x10°

0.0873 8.110 1 8.110x10°

0.826 | 0.1104 10.260

1.020

1.234

6

1

0.1364 12.670

0.1650 15.330

1 0.260 x 10°

12.670x10°

15.330x10°

1.469 | 0.1963 18.240 || 18.240x10°

2.COO 1 0.2673 24.840 | 24.840 x 10°

[ 8 f 2.611 I 0.3491 32.430

9 3.305 I 0.4418 41.040

32.430 x 10°

41.040 » 10°

10 I 4.080 1 0.5454 50.670 || 50.670 x IO"3

I.

\2

14

16

18

20

22

24

26

28

30

32

34

!

36

4.937 I 0.6600 I 61.310 | 61.310x10°

5.875

8.000

10.440

13.220

16.320

19.750

23.500

27.580

0.7854

1.0690

1.3960

1.7670

2.1820

2.6400

3.1420

3.6870

72.960 1 72.960x10°

99.350

129.650

164.180

202.680

245.280

291.850

99.350 x 10°

1 29.650 x 10°

164.180 x 10°

202.680 x 10°

245.280 x 10°

291. 850 iinO°

342.520 I 342.520x10°

32.000 I 4.2760 I 397.410 f 397.410x10°

36.720

41.780

4.9090

5.5850

47.160 | 6.3050

52.880 7.0690

456.020 I 456.020x10°

518.870 1 518.870x10°

585.680

656.720

585.680 x 10°

656.720 x 10°

1 Gallon = 3.785 liters
1 Meter =3. 281 feel
1 Gallon water weighs 8.33 Ibs. = 37.785 kilograms

Liter water weighs 1 kilogram = 2.205 pounds
1 Gallon per foot of depth = 12.419 liters oer foot of depth
1 Gallon per meter of depth = 12.419* 10 cubic meters per meter of depth
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The objective of QA/QC is to identify and implement methodologies that limit the
introduction of error into sampling and analytical procedures. Groundwater sampling protocols
appropriate to the data quality objectives and site conditions will define the specific procedures
that will be followed for sampling events (see Figure 1).

There are seven primary areas of concern for QA in the collection of representative
groundwater samples:

° The SSWP should be reviewed by all team personnel involved in the
collection of the groundwater samples before any sampling is attempted,
with attention to contaminant type and potential concentration variations;

° Log documentation should be reviewed to determine whether the required
volume of purge water was removed from the well and that the temperature,
electrical conductance, and pH had been stabilized to ensure that a represen-
tative water sample of the aquifer was obtained;

° The purging and sampling devices should be made of materials and utilized
in a manner that will not interact with or alter the analysis;

° The results generated by these procedures are reproducible as demonstrated
through the use of duplicate samples;

° The possibility of cross-contamination is reduced by collecting samples
from the least contaminated well first. Rinsate blanks should be incorpo-
rated where dedicated sampling and purging equipment is not utilized and
decontamination of the equipment between sampling events is required;

° Samples are properly labeled, documented (C-O-C), preserved, and shipped;
and

° A record of daily field activities, such as sample collection and tracking
information, is kept in a bound book.

1

The data generated will be reviewed according to the QA/QC considerations presented in
Section 11.

21



GROUNDWATER WELL SAMPLDWG

ENV3.7

Stop

Woll Inspection

Won Purging

Procedure-

Hydrau'Jc Measurements

Removal or Isolation ol Stegnant Water

DotormtaScn ol Well-Purging Paramstars
(pn.Eh,T, n-r

' Scmpto Co3oc8on
Filtration*
Reid
Do tGrrru nations"

Unffltercd FlahJ Filtered*

Vclatib Organico, TOX

r
Dissolved Gooes, TOC

Largo Voluma Scmpiao

Eccontlol Elornonto

Water-Laval Measurements

RopraacnlEtJvo Water Accasa

Varfficationol
RoprooantotfvB Water

Sompia Accaso

Sampia Co!Iec8on by
AporopriBto fttechcnfem

Mnlmal Sampls Hamfllng

Haed-Spcco
Free Samples

Minimal Aaraflon or
DaprooeurlzoBon

Ab- ContecJ

Prooorvntion Assorted SencSrro
Floid BianSo Irtorncrfe Sp£Cbs
Stendarda WO,, S*!.. Fa(ll>

(as naeded lor good QAQC)

Trees tstotalo Samptoo
lor Spacffic Gsocrtamical

Inforrpffltton*0*

S, Sensitive
Inorganic

Adaquato Rlnoirtg cgabnt
ContarnJnQtton

Minimal Air Contact
Preservation

Moasuro frra nator towol to £OJ
cm (±0.01 ft).

Pump o&tar unffl trc3 purging
parontatara (a .̂, pH, T, O", Eh)
otabazo to a10% owar ot teost
ftso ouooaooJwo traQ volinrtso
pumpsd.

Piarpiig rntoo cftouM ba llmSod
to -ICOnAArtn to vabSJIo
orgcnta) end pno-ccnafJJvo
pararratcro.

Hltor Trcco rnatab, Inorganic
ardonc/caStono, cEui&tRy.
Do nol filler TOC, TOX, voiatto
organic compound oempies. Filter
othsr organic compound oampSaa

Sonpioo Cor (fciorrfiroaono ol
fjasco, cCcSfip, end pH cftnua
bo onciyscd (n (So CcM 0 ot ofl
poootto.

Al laaol cno btortt onsl oro
standard lor oach oonoKrve
pararreitar chould ba made up in
the fold on oach day ol campling.
Spitted samploo are ateo
recomrrondsd tor good QA/QC

Storcge
Trcnoport

Trees [totals lor
Wtobte Substance

Load"*

Major Cations end
Anlona Minimal Lose ot Samp&s

Integrity Prior to Analysis
Oboorwo rrcmlmum ocmp!3
rtoioTng or otorcgo"pcj5>&
rccommorafcaJ 6j tfio Agcnsy.
DccujftcntoSton cJcctucJf
porteiSo ottouM bo ccroftfly
portonrcd.

' Danotas oamplas that should to Wiorad to determiro dissolved constituents. Filtration should ba eccompUslttd proloraWy ottfi bv-Lino (ificra
and pump praocuro or by N, prossure methods. Samples (or dissolved gases or volatBa organica chould ml ba fittorod. In tnstartcoo t̂ icro
well davelopmant procedurac do not allow lor turbidity-free samples and may bias analytical results. cpSt oampiao onouW be oplttsd With
otandardc baton} filtration. Both sp&ed oampteo and regular samples should be analyzed to determine recoveries from both typaa ol rtsmCng.

' Denotes analytical determinations that should tra made In the field.

See Puls and Barcelona (1989).

Figure 1 Generalized Flow Diagram of Groundwater Sampling Protocol!
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Health and Safety

Depending on the site-specific contaminants, the type of personnel protective equipment
(PPE) used during the purging and sampling of the wells is outlined in the SSSP. The SSSP
should be reviewed with specific emphasis placed on the safety procedures to be followed for the
well sampling tasks. Standard safe operating practices should be followed, such as minimizing
contact with potential contaminants in both the vapor phase and liquid matrix through the use of
respirators and protective clothing.
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Groundwater Monitoring Wells, D-4448-85a, Philadelphia, Pennsylvania.
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The purpose of this procedure is to provide a description of methods for preventing or
reducing cross-contamination and general guidelines for designing and selecting decontamination
procedures for use at potential hazardous waste sites. The decontamination procedures chosen
will prevent introduction and cross-contamination of suspected contaminants in environmental
samples, and will protect the health and safety of site personnel.

Removing or neutralizing contaminants that have accumulated on personnel and
equipment ensures protection of personnel from permeating substances, reduces/eliminates
transfer of contaminants to clean areas, prevents the mixing of incompatible substances, and
minimizes the likelihood of sample contamination.

Cross-contamination can be removed by physical decontamination procedures. The
abrasive and non-abrasive methods include the use of brushes, high pressure water, air and wet
blasting, and high pressure Freon cleaning. These methods should be followed by a wash/rinse
process using appropriate cleaning solutions. A general protocol for cleaning with solutions is as
follows:

1. Physical removal.
2. Non-phosphate detergent plus tap water. ~.~"
3. Tap water.
4. 10% nitric acid.
5. Distilled/deionized water rinse.
6. Solvent rinse.
7. Total air dry.
8. Triple rinse with distilled/deionized water.

This procedure can be expanded to include additional or alternate solvent rinses that will
remove specified target compounds if required by site-specific work plans (WP) or as directed by
a particular client.



Sampling Equipment! DecondamioaSioo

. 3.15 March 1999

The use of distiJJed/deionized water commonly available from commercial vendors may
be acceptable for decontamination of sampling equipment provided that it has been verified by
laboratory analysis to be analyte-free distilled/deionized water. Distilled water available from
local grocery stores and pharmacies is generally not acceptable for final decontamination rinses.
Contaminant-free deionized water is available from commercial vendors and may be shipped
directly to the site or your hotel.

The use of an untreated potable water supply is not an acceptable substitute for tap water.
Tap water may be used from any municipal water treatment system.

The following are standard materials and equipment used as a part of the
decontamination process:

- Appropriate protective clothing;
- Air purifying respirator (APR);
- Field log book;
- Non-phosphate detergent;
- Selected high purity, contaminant-free solvents;
- Long-handled brushes;
- Drop cloths (plastic sheeting); _ ^
- Trash containers;
- Paper towels;
- Galvanized tubs or equivalent (e.g., baby pools);
- Tap water;
- Contaminant-free distilled/deionized water;
- Metal/plastic container for storage and disposal of contaminated wash solutions;
- Pressurized sprayers, H2O;
- Pressurized sprayers, solvents;
- Trash bags;
- Aluminum foil;
- Sample containers;
- Safety glasses or splash shield; and
- Emergency eyewash bottle.
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Reagents

There are no reagents used in this procedure aside from decontamination solutions used
ifor the equipment. The type of decontamination solution to be used shall depend upon the type
and degree of contamination present and as specified in the project/site-specific Quality
Assurance Project Plan (QAPP).

In general, the following solvents are utilized for decontamination purposes:

° 10% nitric acid wash ( reagent grade nitric acid diluted with
deionized/distilled water - 1 part acid to 10 parts water)3;

° Acetone (pesticide grade)6;
° Hexane (pesticide grade)b;
° Methanol; and
° Methylene chlorideb.

"Only if sample is to be analyzed for trace metals.
bOnly if sample is to be analyzed for organics requiring specific or specialized

decontamination procedures. These solvents must be kept away from samples in order to avoid
contamination by decon solvents.

Procedures

Decontamination is the process of removing or neutralizing contaminants that have
accumulated on both personnel and equipment. Specific procedures in each case are designed
accordingly and may be identified in either the Health and Safety Plan (HSP), WP, QAPP, or all
three.

As part of the HSP, a personnel decontamination plan should be developed and set up
before any personnel or equipment enters the areas of potential contamination. Decontamination
procedures for equipment will be specified in the WP and the associated QAPP. These plans
should include:

° Number and layout of decontamination stations;
° Decontamination equipment needed (see Section 4);
0 Appropriate decontamination methods;
° Procedures to prevent contamination of clean areas;
° Methods and procedures to minimize worker contact with contaminants

during removal of protective clothing;
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° Methods and procedures to prevent cross-contamination of samples and
maintain sample integrity and sample custody; and

° Methods for disposal of contaminated clothing, equipment, and solutions." "

Revisions to these plans may be necessary for health and safety when the types of
protective clothing, site conditions, or on-site hazards are reassessed based on new information.

Several procedures can be established to minimize contact with waste and the potential
for contamination. For example:

Employing work practices that minimize contact with hazardous substances (e.g.,
avoid areas of obvious contamination, avoid touching potentially hazardous
substances);
Use of remote sampling, handling, and container-opening techniques;
Covering monitoring and sampling equipment with plastic or other
protective material;
Use of disposable outer garments and disposable sampling equipment
with proper containment of these disposable items;
Use of disposable towels to clean the outer surfaces of sample bottles
before and after sample collection; and
Encasing the source of contaminants with plastic sheeting or overpacks.

Proper procedures for dressing prior to entrance into contaminated areas will minimize
the potential for contaminants to bypass the protective clothing. Generally, all fasteners (zippers,
buttons, snaps, etc.) should be used, gloves and boots tucked under or over sleeves and, pant legs,
and all junctures taped (see the Health and Safety Plan for these procedures).

All personnel, samples, and equipment leaving the contaminated area of a site must be
decontaminated to remove any chemicals or infectious organisms that may have adhered to them.
Various decontamination methods will either physically remove, inactivate by chemical
detoxification/disinfection/sterilization, or remove contaminants by both physical and chemical
means.

In many cases, gross contamination can be removed by physical means. The physical
decontamination techniques can be grouped into two categories: abrasive methods and non-
abrasive methods.

4
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6.1 Abrasive CSeanSng Methods

Abrasive cleaning methods work by rubbing and wearing away the top layer of the
surface containing the contaminant. The following reviews the available abrasive methods.

Mechanical methods include using brushes with metal, nylon, or natural bristles. The
amount and type of contaminants removed will vary with the hardness of bristles, length of time
brushing, and degree of brush contact. Material may also be removed by using appropriate tools
to scrape, pry, or otherwise remove adhered materials.

Air blasting equipment uses compressed air to force abrasive material through a nozzle at
high velocities. The distance between nozzle and surface cleaned, air pressure, and time of air
blasting dictate cleaning efficiency. The method's disadvantages are its inability to control the
exact amount of material removed and its large amount of waste generated.

Wet BlastJmg

Wet blast cleaning involves the use of a suspended fine abrasive. The abrasive/water
mixture is delivered by compressed air to the contaminated area. By using very fine abrasives,
the amount of materials removed can be carefully controlled.

Non-abrasive cleaning methods work by either dissolution or by forcing the contaminant
off a surface with pressure. In general, less of the equipment surface is removed using non-
abrasive methods.

This method consists of a high-pressure pump, an operator controlled directional nozzle,
and high-pressure hose. Operating pressure usually ranges from 340 to 680 psi, which relates to

'flow rates of 20 to 140 1pm.

Steam Cleaning

This method uses water delivered at high pressure and high temperature in order to
remove accumulated solids and/or oils.
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This system produces a water j'et from 1,000 to 4,000 atm. This ultra-high-pressure spray
can remove tightly-adhered surface films. The water velocity ranges from 500 m/sec. (1,000
atm) to 900 m/sec. (4,000 atm). Additives can be used to enhance the cleaning action, if
approved by the QAPP for the project.

Freon cleaning is a very effective method for cleaning cloth, rubber, plastic, and
external/internal metal surfaces. Freon 113 (trichlorotriflorethane) is dense, chemically stable,
relatively non-toxic, and leaves no residue. The vapor is easily removed from the air by activated
charcoal. A high pressure (1,000 atm) jet of liquid Freon 113 is directed onto the surface to be
cleaned. The Freon can be collected in a sump, filtered, and reused.

Physical removal of gross contamination should be followed by a wash/rinse process
using cleaning solutions. One or more of the following methods utilize cleaning solutions.

Removal of surface contaminants can be accomplished by chemically dissolving them,
although the solvent must be compatible with the equipment and protective clothing. Organic
solvents include alcohols, ethers, ketones, aromatics, straight-chain alkanes, and common
petroleum products. Halogenated solvents are generally incompatible with protective clothing
and are toxic. Table 1 provides a general guide to the solubility of contaminant categories in four
types of solvents.

Surfactants reduce adhesion forces between contaminants and the surface being cleaned
and prevents reposition of the contaminants. Non-phosphate detergents dissolved in tap water is
an acceptable surfactant solution.

Contaminants are removed and rinsing through dilution, physical attraction, and
solubilization.

Disinfectants are a practical means of inactivating infectious agents. Unfortunately,
standard sterilization methods are impractical for large equipment and personal protective
clothing.

V
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6.3 Fieid Sampling Equipment Gleaning Procedures

The following steps for equipment cleaning should be followed for general field
sampling activities.

1. Physical removal (abrasive or non-abrasive methods).
2. Scrub with non-phosphate detergent plus tap water.
3. Tap water rinse.
4. 10% nitric acid (required during sampling for inorganics only).
5. Distilled/deionized water rinse.
6. Solvent rinse (required during sampling for organics only).
7. Total air dry (required during sampling for organics only).
8. Triple rinse with distilled/deionized water.

Table 1 lists solvent rinses which may be required for elimination of particular
chemicals. After each solvent rinse, the equipment should be air-dried and triple-rinsed with
distilled/deionized water.

Table 1

DECONTAMINATION SOLVENTS

Solvent

Water

Dilute Bases
For example:
- detergent
- soap

Organic Solvents:
For example:
- alcohols (methanol)
- ethers
- ketones
- aromatics
- straight-chain alkanes

(e.g., hexane)
- common petroleum products

(e.g., fuel oil, kerosene)

Soluble Contaminants

Low-chain compounds
Salts
Some organic acids and other polar compounds

Acidic compounds — -"•
Phenol
Thiols
Some nitro and sulfonic compounds

Nonpolar compounds (e.g., some organic compounds)

WARNING: Some organic solvents can permeate and/or degrade the protective clothing.

Solvent rinses are not necessarily required when organics are not a contaminant of
concern. Similarly, an acid rinse is not necessarily required if analysis does not include
inorganics.
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NOTE: Reference the appropriate analytical procedure for specific decontamination
solutions required for adequate removal of the contaminants of concern.

Sampling equipment that requires the use of plastic or teflon tubing should be - -
disassembled, cleaned, and the tubing replaced with clean tubing, if necessary, before
commencement of sampling or between sampling locations.

wiiirna

QA/QC samples are intended to provide information concerning possible cross-
contamination during collection, handling, preparation, and packing of samples from field
locations for subsequent review and interpretation. A field blank (rinsate blank) provides an
additional check on possible sources of contamination from ambient air and from sampling
instruments used to collect and transfer samples into sample containers.

A field blank (rinsate blank) consists of a sample of analyte-free water passed
through/over a precleaned/decontaminated sampling device and placed in a clean area to attempt
to simulate a worst-case condition regarding ambient air contributions to sample contamination.

Field bHanks should be collected at a rate of one per day per sample matrix even if
samples are not shipped that day. The field blanks should return to the lab with the trip blanks
originally sent to the field and be packed with their associated matrix.

The field blank places a mechanism of control on equipment decontamination, sample
handling, storage, and shipment procedures. It is also indicative of ambient conditions and/or
equipment conditions that may affect the quality of the samples.

Holding times for field blanks analyzed by CLP methods begin when the blank is
received in the laboratory (as documented on the chain of parameters and associated analytical
methods). — —

Holding times for samples and blanks analyzed by SW-846 or the 600 and 500 series
begins at the time of sample collection.

iDid!

Decontamination can pose hazards under certain circumstances even though performed to
protect health and safety. Hazardous substances may be incompatible with decontamination
methods (i.e., the method may react with contaminants to produce heat, explosion, or toxic
products). Decontamination methods may be incompatible with clothing or equipment (e.g.,
some solvents can permeate and/or degrade protective clothing). Also, a direct health hazard to
workers can be posed from chemical decontamination solutions that may be hazardous if inhaled
or may be flammable.



TITLE:

CATEGORY:

Sampling Equipment Decontamination

ENV. 3.15

The decontamination solutions must be determined to be compatible before use. Any
method that permeates, degrades, or damages personal protective equipment should not" be used.
If decontamination methods do pose a direct health hazard, measures should be taken to protect
personnel or modified to eliminate the hazard.

All site-specific safety procedures should be followed for the cleaning operation. At a
minimum, the following precautions should be taken:

1. Safety glasses with splash shields or goggles, neoprene gloves, and
laboratory apron should be worn.

2. All solvent rinsing operations should be conducted under a fume hood or
in open air.

3. No eating, smoking, drinking, chewing, or any hand-to-mouth contact is
permitted.

i. References

Field Sampling Procedures Manual, New Jersey Department of Environmental Protection, 1988.

A Compendium of Superfund Field Operations Methods, EPA 540/p-87/001.

Engineering Support Branch Standard Operating Procedures and Quality Assurance
Manual, USEPA Region IV, April 1, 1986.

Occupational Safety and Health Guidance Manual for Hazardous Waste Site Activities,
NIOSH/OSHA/USCG/EPA, October 1985.
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SAMPLE PLAN ALTERATION FORM

Project Name and Number: ; :

Material to be Sampled:

Measurement Parameters:

Standard Procedure for Field Collection & Laboratory Analysis (cite references): '„

Reason for Change ira Field Procedure of Analytical Variation:

Variation from Field or Analytical Procedure:

Special Equipment, Materials, or Personnel Required: "=

CONTACT

Initiaior.

START PL:

EPATM:

EPA QA Officer:

APPROVED SIGNATURE J DATHE

1

I

1



Y106 •= TOTAL METALS MJY2.07 - TOTAL METALS MJY1$8 =• TOTMd METALS

TOTAL METALS TOTAL METALS j MJYl^®

MJY1/56 = CYANIDE CYANIDE



JN996 - EXTRACTABLE JN997 » EXTRACTABLE JN998 - EXTR&CTABLE

JW996 - SXTO&CT&BLE JM997 =• EXTRACTABLE

SXTRACTA0LE ' JW997 - EXTR&CTAS&B

JM997 - EXTRACTABLE JN998

JN997 = VGA

JN997

JN996 JN997

JN996 JN997 JN998
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Preservative:
Ice D No D

Chemical):
lAcidO BaseD Other!

Analyses
General Cherr ist

Solids (TSS, IDS, SS)

I COD, TOG, Nutrients

and Grease

inorganics
Metals

Semi-voJatiles

Pesticides/PCBs

Herbicides

CLP No. Regional Tracking No.

Remarks:

3-U.S. GPO: 1997-591-913
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nlc Ttaffle Report
n of Custody Record
Inormlnfe CUP «««*-*•»

7. Preservative
(Enter
In Column D)

1.HCI
2. HNQ3
3. NaOH
4.H2S04
& K2CROO7
8; Ida

onal Informattah

No^SujJartund Progrem

3.Leacha!e

W, Not preserved

G
Station
location

Spedfts
Numbe;

. J
Sarfiptei
InitialsGr&b Box 7)

Chain of Custody Seal Numbeife)
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1 — Y LJ \ Corttrod Uaoratotv Pr̂ ram fel iy>.lfl)90(a) '©U (UdJSWfslY/ lnl0(S©(r(5J

U ^ o ' . . . ([fe Oigptte CLP AnatysSs)
1. Project Code

Regions

Account Coda 2. Region No. Sampling Co.

Information [Sampler (Warns/

Non-Superfund Program

Site Narrie

City, State

• CLP
Sample

Numbers
.(from
labels)

A
Matrix
"(from
Boa 6)
Other.

Shipment for Case
Complete? ( Y/W)

Samplsr Signaturo

3. Pur?K)S8°

Lood

Site Spill ID [—

B
Cone.:
Low
Med
High

C
Sample
Type:

Comp
Grab

D :

Preser-
vative
(from
BOK?)
otter:

.SF
PRP

.ST

.F£D

Ebb

—

',

Adbn
CLEM
PA
REM
Rl
SI
ESI

.E .
RAS Analysis

1

•' i

1
1

!

',

High
only

ARO/
TOX

Paga Sampt3'(s) to bo Use

, . of '; ' '

Looo-Toim
Acllort

B

FS
RD
RA
O&M
NPLD

4-0rt»«*wKa9 Carrisr

Airbill Numbar

5. Sh!j) To

• P •
Regional Specific
Tracking Wumbar
or Tag Nurnbers

;.

.

:d for. Laboratory QC :;

G
Station

Location
Identifier

^ W9>

6. Ma-triK

in Column A)

1. Surfaces Water
2. Ground Vfetef
3. LaaehotQ /
4. FIsIdQC
5. Soll/Sodimgnt
S. Oil (High only)
r. Waste

(High only)
8. Other (Specify

In Column A) '

•K
Mo/Day/

Yaar/Tima
Sampte

Collection

'Addttonal Sampler Signatures

1
Corresponding
CLP .Inorganic

Sample No.

7. Prasorvatlvs
(Enior in
Column D)

I. HCI
2. HN03
3. NaHSO4
4. H2SO4
5. Ico-.only
S> Other

(Specify in
Column 0)

N. Not
prasarvBO*

J
Sampler
Initials

K
Field QC
Qualifier

Chain c? Custody Seal Numbiar(s)

Relinquished by: (Signature)

Relinquished by: (Signature)

Relinquished by; (Signature)

. • Data/ Tims

Deta/Tipi®

Oats (Tim®

Received by: (Signature)

Rs&alvsd by: (Signature)
' \ '

Racolv^a for Laboratory by:
(Signatwa)

Rollnqustiad by: (Slgnsturs)

_^ — ._ — . — , ^— ̂  — li-
Ranftqulshad by: (Slgnatura);

Dsta/Tima

Dfat® ;

Dais

Tbvw)

f-TtSrO

Rfflcaivsaby: (Sign&ti/rd)

Recsjvodby: (Signature)

Remarte'- • |g custodjf̂ so.a) tntacJt Y/M/rtone

O1STWIBU7IOM: E^luo - Roglon Copy
• White • Lad Copy Co? Ktrttuna (!

^IfSCi -.©LASS Copy ^SEfl P^Tm
HbJiura to ©LASS (-5/98).

( V



DATE: SX̂SAMPLE COLLECTION SHEET TDD:
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SAMPLE
MEDIA
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Designation: D 2488 - 93"1

AMERSCAN SOCIETY FOR TESTING AND MATERIALS
100 Bon Hwtor Ot_ W«t Corahohocken. PA 18428

Reprtaed tiwn 9» Annual Book d ASTM Sundaitta. Copyî d ASTM

Standard Practice for
Description and Identification of Soils (Visual-Manual!

Ttai suuuhnJ is issued unto the fined designation D 2438; the number immediasely following the designation iraKolea ihs yssr of
crifiaa] Mtsptioa or. so the case of revision, ihe year of last revision. A Dumber in parentheses indioie the year of last retpprovtl. A
inpencript epsilcQ (a) indicate:! «n editorial chaii|c since Ihe last rcvUkn or (approval.

a' Nora — Paragraph 1.6 was added editorially in October (998.

L Scops
.1 This practice covers procedures for the description of

• engineering purposes.
13. This practice also describes a procedure for identifying

soils, at the option of the user, based on the classification
system described in Test Method D 2487. The identification is
based on visual examination and manual tests. Is must be
clearly stated in reporting an identification that it is based on
visual-manual procedures.

1.2.1 When precise classification of soils for engineering
; is required, she procedures prescribed in Test Method
shall be user!
In this practice, the identification portion assigning o

) symbol and name is limited to soil particles smaller than
3 in. (75 mm).

13.3 The identification portion of ihis practice is limited io
naturally occurring soils (disturbed and undisturbed).

Nora 1—This practice may be used os a descriptive system cpplisd to
such materials as shale, claysiooe, shells, crushed rock, etc. (See Appendix
X2).

L3 The descriptive information in this practice may be used
with other soil classification sysesms or for materials other than
naturally occurring soils.

H.<3 The values suited in inch-pound units are to be regarded
as the standard.

IJ This standard doss no! purport so address all of she
safety problems, if any. associated with its use. It is she
responsibility of the user of ihis standard no establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use. For specific
precautionary statements see Section 8.

1.6 This practice offers a set of instructions for performing
one or more specific operations. This document cannot replace
education or experience and should be used in conjunction
wild professional judgment. Not all aspects of this practice may

1 Jhii practice is under ths jurisdiction of ASTM Committee D-I8 on Soil and
•1 u the direct responsibility of Subcommittee D 18.07 on Identification end

) of SoUs.
l edition approved Sept. 13, 1993. Published November 1993. Originally

published QS D 2488-66T. Last previcaj edition D 2488-SO.

be applicable in all circumstances. This ASTM staw&&v$ is rust
intended to represent or replace the standard of coins by which
the adequacy of a given professional serviee miss be judged,
nor should this document be applied without consideration of
a project's many unique aspects. The word "Standard" &ra she
title of this document means only that the document has been
approved through the ASTM consensus process.

1, Referenced DocumenCs . .' • ,
2.1 ASTM Standards:.
D 653 Terminology Relating to Soil. Rock,

Fluid*2

D 1432 Practice for SoiJ ImvestSgatioB 01
Auger Borings3

D 1586 Test Method for Pemesracion TesJ arcd Split-Barrel
Sampling of Soils3

D -1587 Practice for Thin-Walled Tube Sampling off Soils2

D 2113 Practice for Diamond Cons Drilling for Sate taves-
tigaticm2

D2487 Classification of Soils for Engineering Purposes
(Unified Soil Classification System)2

D 4083 Practice for Description of Frozaa Soils
Manual Procedure)3 ^ _

3.1 Definitions:
3.LI Except as listed below, all defiuisiOBGS cure m ascen-

dance with Terminology D 653.

NOTE 2—For particles reuised on o 3-sa (7S-3KB) US osacfite-iS ofeve,
the following definitions arc suggests :̂
Cobbles—panktes of rock that will pats a S2-8a. (3®&-«ra) c^aare
opening and be retained oa a 3-in. (75-aaia) sieve. K&
Boaidsrt—panicles of rock that will acs pass a J2-8B. (3ttO-Ka) square
opening.

3.1.1.1 clay—soil passing a No. 200 (75-pm) soeve that can
be made to exhibit plasticity (putty-like properties) witSuui a
range of water contents, and that exhibits considerable strength
when air-dry. For classification, o clay is a fine-grained soil, ci
the fine-grained portion of a soil, with e plasticiSy index @qma!

3 Annual Soot of ASTM Standard*. VW 04.08.
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to or greater than 4, and the plot of plasticity index versus
liquid limit falls on or above tthe "A" line (see Fig. 3 of Test
Meshed D 2487).

3.3.1.2 gravel—particles of rock that will pass a 3-in.
(75-mm) sieve and be retained oin a No. 4 (4.75-mm) sieve with
($t3 foSJowjmg subdivisions:

co&Tse—passes a 3-in. (75-mm) sieve and is retained oa a
%°DIS. (^°WBI) sieve.

$m&—posses a %-ia. (19-mm) sieve am! is retained oa a No.
0 (4.7S=!MB) sieve.

3JJ3 orgmk clay—a cloy with sufficient organic contest
Bo jnffeifise cSts soil propenies. Fox classifications, an organic .
day 5c Q coil Bta would ba dassiSed as o day, except than 5es
U^Bcd ImA votes ofer ovea diryasug 5s less than 75 % of its
liipcd faito vollEg before ovea drying.

I.LUX) oFgtrnls A—a silii wit$> sufficient organic contems to
isiUJaiSffise iifeg soil! properties. RET classification, an organic sale
is Q BOJ! Eta wouBd bg classified as a silt except that ias liquid
'Ma vote after oven drying is less than 75 % of its liquid limit
'ate befoje oven drying.

3.1.1.5 peas—& soil composed primarily of vegetable tissue
n various stages of decomposition usually with an organic
«Jc7, o dorCt brawn so block co!o?, a spongy consistency, amd a
ssrosire iroBig5niig finojia Hjtenussg co QBnoirpIliOMS.

3.LLQ S@R&—partislleo of rosEr ttSjot will pass o Ho. 4
6.75-c2jiiSj) sieve om^ be resaissedi OBJ a No. 2CO (75-nm) sieve
'infc te felUowSag oMb^jvfctsso:

a No. 4 (4.7S=usfflj) -sieve omd is retaintsd UJBB

ffKa«?(fKK>=—passes o No. 10 (2.CO-msn) sieve astd is
D o Kl®. <l® (023-fsj) sieve.
ftKs—posses o Ho. 40 (423-ffflj) sieve and is retained ost a

3.LL7 5*—soil passing a No. 2CO (75-jm) "sieve thai'is
-nplostis or very slightly plasHic and that exhibits little or mo
•engslrii when air dry. For classification, a silt is a fine-grained
i!, w «fee fine-grained portion of a soil, with a plasticity Ssudea
•c to® 4, «ET shs ploi of ptoguieacy istdea versais
EB below (fee "A"' liHe (see Fag.

tj Ucimg vistioS esamjuotioss ostd simple mantuaJ seste,
caies gives stomdaydiaed crissrsn ostd pxocedures for descrilix
otjj ideirassiiyjiag coals.
.2 Tihs soj! can feg givgss CBJ jdendScQtiosi by assignimg o
up symbol(s) aurd name. The flow cSiair8s,-Fsg. Is and Fig. lb
firts-grained soils, and Fig. 2, fro coarse-grained soils, cam
ised to assign the appropriate group symbol(s) and name. If
soil has properties which «3o nol distinctly plase it imto a'
:ific group, borderlime symbols may be used, see Appendix

TTC J—U is su^S**^ ^ci D disiioctioa be meda bew/eeo dual
ttis osid borderline symbois.
•xtl SyiftboJ—A dual symbol is uwo symbols separated by a hyphsa,
»ample, GP-GM, SW-SC, CL-ML used 80 indicate tbot she soil has
ideotitied as baviag the properties of o classiScalioa ia ccconteos
Test Method D 2487 where rwo symbols are required. Two symbols
quired vvhea the soil has betwesa 5 cad 12 % floes or when the liquid
ittd plasiiciiy inxJes values plot ia the CL-ML ares of (he plasticity

recycled paper

chart.
Borderline Symbol—A bonierlioe symbol is mo symbols separated by a
slash, for eaaraple, CL/CH, GM/SM, CLrML A tentoliae symbol! sfeoald
be used to indicate that the soil has besa ifieatiSed DS hoviag pjcpsstiss

• that do not distinctly piece the soil iaEo o specific group (ess Appaadis

GO Old BBS KBl>@

uses.

5.1 The descriptive i
' bs used to describs a
significasii propssties for

3.2 T8ts descriptive
should bs used so suppHesstera!

5.3 This practke may be
classification group symboJs arad BBaisii)®3 os
Method D 2427. Since 8he names
practice to identify the soils are !fes scms DS
Method D24S7, it shall be cleady
other appropriate document
name are based Oft visuol-manuai

• 5.4 this practice is to_be_used not only
soils in ihe field, bu<
soil- samples otre iyispecCed Qitd

5J This practice

4—Tite cMMsy GO fesrates cacS cSsat% calo sajsessBy is
more sx2cdfly uasls? 8Sts jjiriflcase aJ esqp^csEsaS pascsaEsB, tea 5a czsayolso
be ccquired systematically by ccsBpariaQ nnsBtastsol)
to typical coBs of ecd> typs wish uStsi? vfestssS

5.6 When describing and idemtiffyirag OOB! soTOjplles from o
given boring, test pit, o? group of borimgs or p5(S, 58 is BEOS
necessary &o follow all of die procsdwsG m toss pjcc^ce fc
every sample. Soils which appaair to be similar coia bs s^OMjpsd
together; one sample completely described orod idesiiKiffisd wtGBa
she others referred to as simiJar based OBJ perfonmi&Jg orally o few
of the descriptive and identifficoaiora " °~"CT

' 5.7 This practice may bs ass l̂

6.LI Pushes Knljfe ®r SnvsM
6.2
6.2.1
6.2.2

Test Tube and Stopper (or jar wjdlh Q
l&ns.

7.1 Purity of Water—Unless onhermse sndjcaasd, irefsremses
to water shall be understood to mem v/ase? from Q eifiy waiter
supply or natural source, including mom-potable wottor.

7.2 Hydrochloric Acid—A small boEEle of dilute tsydrocMo-
ric acid, HCl, one part HCI (10 N) uo shree pam
reagent is optional for use wisti ahis pracSJee). See ,

S« SrfeOy
8.3 When preparing the dilute HQ .solution of ome part

concentrated hydrochloric acid (10ft) no three parss of distilled
wutopy
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SYMBOL GROUP NAME

<30% ptut No. 300

^30% ptu. No. 200

OS'S pfctg Mo. 3tt
15-?S* ptoi No. 300'

ZtKtS £%«rf8»W«l-

-*• % »nd £% growl •
•*> Heenetoi?

*• <16» pave! •
£«* r***!1

<18»H

H«sa ctov with erweS
Sandy twn «ity
Swrxty'taen itov with ffO7«S
(SreueSv 6»«o ototf

-*• ®ro5«6tv 6»w) dvy wfch as*)

^16% $»nd •

ScnoV <<X Gl«v ortJft g»E*c3
«> ©T»wBv tes efl^/

-*> SporeESv Sea eC»7 ohS) easd

O0% piuo No. 3S3 o <16S! pC«o Wo. SCO •
^•?6%peuoNo.?00-

'a'cwsS-S^oSpwraS-

-c> (TOombsiOa

o<iB%r**t4°
^ie%r«M3-
<16»«MK)«

"*> 8a«S? steak od
=*» &M«JV •tente attl wtei prscsl
-•> SmWoy «iMti* 9>t
-»> GnwoSy rtBHtc aRt «ltti io*S

GROUP SYMBOL

KOTE—Percentages ere based on estimating amounts o) fines, (and, tnd gnvel to the reaFftcs 6 %.
RC. 2t ftsm Chart to? Wemltytne tnorgcnle FbuXinlned 6oO (80 % ®J more %••])

GROUP

KOTE—PorcaniBcas are based on osBmafrig amottnb o) Snes, oana, and gravel to 9w nscra« 9 %. «=w ^.

R©. 1 & Pk>w Chart Cor Identifying ©rgente FlnerQrelned SoH (59 % er more tees)

• 9.3 For accurate dcscripdosu oad sdendfieataBj
mum amount of the specimen -ao be
accordance with the following schedule:
Maximum Particle Size,

Stevo Opening

4.75 mm (Mo. 4)
8^ mm (% ia)
19.0 mm (% in.)
33.1 mm(1Vbin.)
75.0 mm (3 In.)

water, slowly add acid into water fpllowjng necessary
precautions. Handle wish caution and store safely. If solution
comes into contact with she skic, rinse thoroughly with water.

8.2 Caution—Bo mol add water to acid.

9. Sampling

9.1 The sample shall te considered to be representative of
the stratum from which it was obtained by an appropriate,
accepted, or standard procedure.

Nore 5—Preferably, the sampling procedure should be identified os
having been conducted in cccordacce with Practices D 1452, D 1S87, cr
D 2! 13, or Method D 1586.

The sample shall be carefully identified as to origin.

100 @ «0^3 Q)
200 9 (0^ G>)

6—Remarks DS to the origia may lake the form of a boring
Dumber and sample Dumber in conjunction witS) s job number, a geologic
stratum, o pedologic horizca or a locatioo desoipiJon with respect to a
permanent moDumeot, a grid system or a station number and offset with
respect to a stated cenisrline and a depth or elevation.

SO.O hg (1̂  Cb)

NOTE 7—If random isolated panicles ore encountered ton are signifi-
cantly larger than the particles in the soO matrix, (be soQ matrix cea be
accurately described and identified io accordance wifii Hhs preceediag
schedule,

9.4 If the field sample or specimen being examined is
smaller than the minimum recommended amount, she report
shall include an appropriate remark.
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> «tej=cq. a KB -&GPK3M

PtC5«v pcicc] c=3 oKi [Oa csd tjioKJ
PCC3CJ CICSXI C^=) oto> Ct7
Pco^ pc2=) erf cCi civ OK! cicsd

J~—PesrcEBtaQes ere toassd ag esuroom'iao
PC©. 2 FCan (Stan

of fiasc, scsd, osd grovel Co
iJCcoo Etora e® %

(for Sols
A fig miss-Say — Be'scribs aJie angularity of the satid
sixes only), grovel, cobbles, and bouldsirs, as angular,

,, subiroaraiSsd, oz rauiMJosS ia sccordaroce with the
fn m TaWs J and Hg. 3. A range of anguHarity may bs
l, smstoi os: subrbuttdsd so rounded.

shops of the gravel,- cobbles, and
rs os ta,.e!onga8ed, or SQJ arad elongadod if they

®ff te gsnv®l! porjictss puns Sod,
te edtar. • CoBo? 5c oa i

oygoffiiig -sonls, QK^ vyJBMsj o givea
€oDE8y 5s poy oteo bg asefel m jdenlifysiiig snstorials of similar
MDlogcg jOTgaa Iff steg sample cojisairas layere or patches of
isyBBJg eoHors, 8his shall be noced amd all representative colors
oil fe describsd. Tlie color sWI be describsd for moist
mples. If the color represents a dry condition, this shall be

'J CirttQj-lo to Deocrlblrtg Angutar% of
Poctletoo JOGS Fig. S)

Crttorfa

Portictos have ofv5^> GiSgss and relatively plans Dittos K«SJ
unpoScted owtooco

PoiJteSas-ora oEntflD? Co Oftguiar <fescrtp&jn {n/I howa

Portidss have nserty plans sitJss but have i

Porttctos hava omooifrly curved sides ana no etigss

recycled papsr

Oifopi—Describe she cdcr if orgame oj itsuasmia!. Soils
containing a significant amount of orgoBSBe material] dismally
have a distinctive odor of decaying vegetottaoa. TMo is espe-
cially apparent in fresh sampDes, tad iff (fflts scmpllKS ore
the odor may often be revived
If the cdoj- is unusual (petroleum
like), it shnJl be described.' =. ^

fc OHDSaSfefg
os dry, moist, or wet. in occordQESg

S0.<5 WO J?efflrt*!?w — Bsserfte fiBc
noms, wessli, oj sfiromg, 5m aceoffass

3.

oo-
te erfdsro asi Tote

4. SJsice cokiisffli carbonate DO o eoismiixaoi) ©ssEgsiBi
report of its presence om flue basso of

ic
50.7 Consistency—For imacd ji

consistency as very soft, soft, ton, hntnS, ox very
accordance with the criteria in Table 5. TMs observation
inappropriate for soils with significant antouBttts off gravel.

10.8 Cementation—Describe «fee cemem
coarse-grained soils as wealc, modsraEe, or sKsrongo ica OGCC^
dance with the criteria in Table 6.

10.9 Structure—Describe tfeg structure of asiscss soiJs m
accordance v/ith the criteria ia Table 7.

10.10 Range of Panicle Sfees—For grovel oxtd swS com-
ponents, describe the range of particle §5se§ wSJSsiuj eadj
component as defined in 3.1.2 assd 3J.6. Fcr exaraple, abotffi

• 20 % fine to coarse gravel, about 40 % flme to coarse samd.
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WSetanguto

Fte. S Typical Angularity ot Bulky Grains

TABLE 2 Criteria flesr BJeceriWrss Particle Shape (sec Fig.

i whi * length, width, andThe panicle shape shall be described as toflo
p£5>)esa refer to the creates!, toermedbto, and least cunerolons oi a partfefc,

-̂ V/££iU-" *^pfcevtfc

^TO
Elongated PartchM «Wi lene/thfrridm » 9
Flal end elongated Particles meet criteria' tor berth fial «ro) etongeted

WIDTH

L° LENGTH

10.11 Maximum Panicle Size—Describe the maximum par-
ticle size found in the sample in accordance with the following
information:

JOJU Sand SUe—lf the maximum panicle, size is o sand
size, describe as fins, medium, or coarse as defined in 3.1.6.
For example: maximum panicle size, medium sand.

10.10 Gravel Size—If she maximum panicle size is a
gravel size, describe the maximum panicle size as the smallest
sieve opening that tht particle will pass. For example, moxB-
mura particle size, JV% m. (will pass a IV£-in. square opening
but not a %-io. square openiag).

10.11.3 Cobble or Boulder Sits—M she maximum panicle
size is a cobble or boulder size, describe ths maximum
dimension of the largest panicle. For example: maximum
dimension, 18 in. (430 mm).

10.12 Hardness—Describe the hardness of coarse sand and
larger panicles as hard, or state what happens when the
panicles are hit by a hammer, for example, gravel-size particles
fracture with considerable hammer blow, some gravel-size
panicles crumble with hammer blow. "Hard" means particles
do not crack, fracture, or crumble under a hammer blow.

Additional comments shall be noted, such as the
: of roots or root holes, difficulty in drilling or augering

hole, caving of trench or hole, or the presence of mica.
10.14 A local or commercial name or a geologic interpre-

tation of the soil, or both, may be added if identified as such.

FLATs W / T > 3
ELONGATED? L/W
FLAT AND ELONGATED;
.- meets both cntgrie

FIG. 4 Criteria for Particle Shape

10.15 A classification or identification of She
dance with other classification systems moy
identified as such.

-soil SB scow-
be added if



TABLE 3 Criteria «or ©escribing Moisture Condition
DascripSon Criteria

Dry A&ceros rt nwteaffo. dusty, dry to tte toucft
Damp ha) no waKs wotsr

J, uouaDy co3 is beta* water tabte

TAOLE 0 ©rites-Co tor BaoerWng She W88ft HCI
Cttssfci

Ksra • Wa wotfc fccsSsn
Soncs tocsins, u3) to£3&bo Conrtng dsxty
.„-.__ - . ••• s (jmflijig •

TABLg g ©rtorto te? Baosrfbtng

Vciy csCi TtemS wD pcjnoBcD cc3 rarara Boa H ta. {35 nan)
Ttonsta cO pcwta&os cs3 oSow3.1l to. {28 ram)
Ttosa eCJ bt&stJ cs3 cSwsa %& {3 mm)
TfRCTfr BO mrt traj-jfl oc3 fort tocGSy btfsKSd t»Kfi en/nt!»nQ
TfeCTtSMsJ wD ma tn&xti co3

7/aBC.g 6 CrUefto tor Describing Toughneoo
Cfilario

CnnfiSoo cj toocto c£3i troraGtg w GtBs firtgsj pieoouro
CstOTSteo ai tooc^o cSvoojatesrcto Gngai PJCOOSDO
WJEiM engitS^ss?tocots wK?i Cngs? proooiicro

YAQtLS ? (gstorfo fer

bycro boo Otsn p msn CJrcSs; roza
Bfcoto ctog esCtiii; pijftoa o) frociuro wKh 0£S2

cog

Cotedva csfl 6toS en to fercton tfcsm litto oman onguter
bCT^o tfX&i aotiil tathsi broohttown

tKfitfion ol owca pootoe ol dtaoretu ocSs, ouch no osnoD
bfccjo 63 cams ocottowjo Ontwgh o mooo c) etoy; rtos

1.1 A sosBjpHe couipossd paimarily of vegetable UBSSKS m'
C3JS 8SQg®3 of decomposjfisca fita Hies o fibroas. to amor-
js neateire, MsiuoSIy o das-It foVowa EO black color, and am
me odor, shall bg designated as a highly organic soil amd
• b3 identified as peat, FT, and rart subjected to the
tificaiion procedures described hereafter.

Prepotrsttte fl®ir WemiMcsifttona '
.S TSie soil identification portion of this practice is based
e portion of the soil sample that will pass a 3-jn. (75-rara)
. Hie larger than 3-in. (75-msn) panicles must be re-
<3, manually, for a loose sample, or mentally, for an intact
le before classifying the soil.
2 Estimade and note the percentage of cobbles and the
.tage of .boulders. Performed visually, these estimates
e on the basis of volume percentage.

S—Since the percentages of the particle-size distributioa in Test
recycled paper

D24SS

Method D 2487 are by dry weight, and !hs estimates of percentages "for
™ • grovel, sand, aod fines in this practice ore by dlry weighs, it is recosn-
— mended that the report state that the percentages of cobbles ostd boulders

ere by volvts&s.

„ 12.3 Of the fraction of the soil smalle? than 3 in. (75 ram),
estimate and noie the percentage, by dsry weighi, of ahe gravel,
sand, and fines (see Appendia "

WotE 9 — Since lit? pcrafefe-oise coaaposajsEi
" "• toosia of voJusas, coosi&?tS)E3 OTjts?fsE93 is

psrceamges oa Has tasSs eJ &y wej
laborcsojy pcrocJs-osse caoJyces should

12.3.1 The percentages
The percentages of grave!,. sogi^0

— 100ft.
""^ 12.35 -If OES

suSdent quantity so bs consida^
3-isj. (TSiumn) ponion, irtdicote ins (pressstse

vfesaJJy ®3 Efts
O estBUBicse te

ft.

• Hotel of HOD % for site
23. PreBJmSroo^

13.1 The soil is fate grained
:. Follow the procedures for 5'

58 coraflsms 50 ft or more
g-gfaimsd sotls

33.2 TJie soal 5s «K!rac? gmmeS Jff 58 ©oasttofeo Bos
fee. Follow fee

Atomsfinp tojaro ®3 vov&ts nczcsfcl a? eato wwh byoro ol
bcc3 0 ma &££% KSS oric^fcxxj

30.
14.1 Ssl©ca Q irepreseviJaiiive soiaiip[<s s? te DsiodeiraQl for

examinatioira. Remove pgrfcBes larger uStca te KIo. 4® sieve
(medium sand and larger) uradJ a spsdimeini ©tumivoJeiail GO atom
a handful of material is avnilsbts. Uss <Ms spadmussii for
performing the dry strength, diladostcy, asi^l aoaghircscs ceste.

14.2 Dry Strength:
145.1 From the specimen, seised

into a ball about 1 in. (25 mm)
until it has the consistency of pa

FmoM slhie molded moteojoi!, mcfee QO.Jsoc!! tess
. A tesd specimeBi sEiaDE bs o:

sir!. (12 mm) in diaraieae?. Allow i
or sun, cj by anificial measss, os toia os

3f the test specimen cointaiins SB? , ._—„.
that are abom V^ in. (12 mm) isi diomslisr may fes iscŝ l to ploee
of site moldsd balls.

NOTE 10—The process of onoldias cstd uJryiag usuolly proteseo ftifjSKs-
strengths lhaa are found ia QQJQrol &7 luaajJS of aoiL

14^.4 Test the strength of .ths dry balls or tamp by
crushing between the fingers. Note Shs strengA- as mess, tow,
medium, high, or very high in fleecramce wislhi Che criteria in
Table 8. If natural dry lumps are wisss!,, do EOJ ws uhs irestste of
any of the lumps that are foumd to contain panscHes of coairse

14.2J The presence of high-stren
ing materials, such as calcium
tionally high dry strengths. The presestse
can usually be detected from Ae i
dilute hydrochloric acid (sos 10.6).

of the reaction with
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TABLE 8 Criteria (or Describing Toughness

Criteria

iption Criteria

Stow

Rapid

No visfbte change in the opetimen
Water appears otowty on the surface of Bte specimen during

shaking end doeo rwt disappear or disappears slowly upon
(squeezing

Water appears qu&dy on Bis surface of the specimen during
shaking and disappears quictdy upon squeezing.

TABLE 10 Criteria lor Describing Toughneos

Description Crttefte

Nona The dry specimen crumbles into powder with mere pressure
cl honcing

Loa The dry specimen crumbles Into powder with some finger
presoure

Medium The dry specimen breaks Into faeces o? crumbles wttfi
considerable finger pressure

HlgJi The dry specimen carnal be brcfcen with ringer pressure.
Specimen wffl break Mo pieces between (nun* and e tafg
surtscs

Very high The dry specimen canroS be broken between the thumb ere) o
hardsurtee

143 Dilatancy:
14J.I From the specimen, select enough material to moid

into a ball about Yi in. (12 mm) in diameter. Mold the material,
adding water if necessary, until sS has a soft, but mot sticky,
consistency.

14.32 Smooth the soil ball in the palm of one hand with the
blade of a knife or small spatula. Shake horizontally, striking
the side of the hand vigorously against the other hand several
limes. Note the reaction of waaer appearing on ihe surface of
the soil. Squeeze the sample by clo.'ing the hand or pinching
the soil between the fingers, and note the reaction as none,
stow, or rapid in accordance with the criteria in Table 9. Ths
reaction is the speed wish which water appears while shaking,
arefgtisappears whSls squeezing.

4Jp Toughness:
^TO.4.1 Following the completion of the dilatancy test, she

test specimen is shaped into an elongated pat and rolled by
hand on o smooth surface o? between the palms into a thread
about Ve in. (3 mm) in diameter. (If the sample is too wet to roll
easily, it should be spread into o thin layer and allowed to lose

. some water by evaporation.) Fold the sample threads and rerol
repeatedly until the thread crumbles at a diameter of about V6
in. The thread will crumble at a diameter of to in. when the soi!
is near the plastic limit. Note the pressure required to roll the
thread near the plastic limit A!so, note the strength of ttye
thread. After the thread crumbles, the pieces should be lumped!
together and kneaded ussssl she lump crumbles. Note fe
toughness of the material durieg kneading.

144.2 Describe 6h* toughness of the thread and lump as
low, medium, or high 'm accordance with she criteria in Table
10.

1.4.S Plasticity—On the basis of observations made during
the toughness test, describe the plasticity of the material in
accordance with the criteria given in Table 11.

14.6 Decide whether the soil is an inorganic or an organic
fine-grained soil (see 14.8). If inorganic, follow the steps given
in 14.7.

14.7 Identification of Inorganic Fine-Grained Soils:

TABLE 9 Criteria (tor Describing Ollataney

Low Only sGgttt pressure is required to tofi (he timed near tte
plastic tmrL Th3 thread and ttw tump are weak and oca

Medium Medium pressure is required to roD the thread to near tho
plastic Gmri. Trt2 thread and the lump have mcdjum oKSnass

High Consioerobts pressure b requtod to roi the thread to ne»? Bw
plastic in*. Tits thread end Ihe lump ntw Defy high
stillness . - ~

TABLED Criteria fo? Describing Pte«@efty

Description CrtoiU

Nonpiasttc

Mstiiusi

(3-mm) threed cannot be rated n my vratof cortem

termed whan drier than tie placte Int
The thread b easy to roS ontf no! much fina b regufTefl to

reach the pttttc SoA TBie threw) cwnct be meltot tilts

(nan the ptwfc fcrfl
It takes considerable tbns roBng and (nscs t̂g (9 nsctf) tfts

plastic 6mtL The trtread can be moled wwsl Qtr-ge after
reochfrio th3 plastic &T*. The lump esffSw fomied «*a»uS
crumbllnQ trfien drier tnon the pte«He iffie

14.7.1 Identify the soil as a lean clay, CL, if site-soil has
medium to high day strength, no 01 slow dilatancy, end medium
toughness and plasticity (see Table 12).

84.7.2 Identify the soil as a fas clay* Oi 5f (ffiss soafl das Ihjgh
so very high dry strength, mo dilatansy, and high saughneos end!
plasticity (see Table 12).

14.73 • Identify the soil as a siM, ML, if the ssal nac SJQ co Bow
dry strength, slow so rapid dilatancy, eaS low soughless end
plasticity, or is nonplastie (see ThMi 12).

34.7.4- Identify the 'soil as am elastic silt, ME, SF $»8 soil has
low to medium dry strength,.no 80 sBow dilataaey, and tow to
medium toughness and plasticity (ese Table 12),

Nora 1J—Tbsss proparties ore staffier eo fitscs fer o teaa doy.
However, the sill will dry quickly oa 8h* hand aad Btave a smaojSi, silfcy
fesl v/bto dry. Some soils that would classify as MM is Gcccndaase with
the criteria IB Test Method D 2487 are vimially difficnti Co distiagaiab from
lean clays, Q-. it may be mscessery w perfona laSjarswy tsssieg for
proper Mtendficaion. "=- —

-|4iS Identification of Orgeats Ftne-Gfowad Ssfe
14.8.1 Identify the soil as an anemic soil, &JQR, W tBte soiJ

contains enough organic particles tg influence te g©iH prope?-
dies. Organic soils usually have s <tok brows a black eoltr? antl
may have an organic odor. Ofteft, organic tsoffis will change
color, for example, black to browss, when eaposaS to «hs air.
Some organic soils wil! lighten in cotor significentty whem air
dried. Organic soils normally will'not have a lhigh soaghBiess or
plasticity. The thread for the toughness 8es8

NOTE 12—In some cases, through prcclke sad
possible to further identify the organic soils os crg«sk

TABLE 12 Identification of Inorganic FJnê alBed
Manual Tests

Is may to
0? oigaak

SoO
Symbol

Dry Strencth

None to low Uw or thread corvtol 6a

cu
MH
CH

Medium to hich
Low to medum
High » very "%?>

Kara to stow
NcratnctoM
None

tte&cra
Uvj to RStOtrn
HSg5«
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clays, OL or OH. Correlations between the dilaaacy, dry streagsh,
toughaess tests, and laboraawy tests cso be mods to ((testify organic soils
ia cenaio deposits of sisnilor aKSerioto <sil teowa jjeoJogic oiigia.

14.9 If she soil is estimated no have 35 no 23 %' sastdl or
gravel, w both, the words "VodSi samsT or "wish gravel"
(whichever is more- predominant) shall be added to the group
raaistg. For example: "Jean clay wMi sasj& CL™ w "&1J wiiSs
gravel, ML" (see Fig. JQ and Fig. lib). Jf she percentage of sand
cs eqyaJ so Jfee percentage of gravel, use "wish sand."

JOJO M fifes SOB! is estitmoSod DO have 30 % or more sand or
gravel!, or boifa, fc worfs Ms3Kdy'" <o? "gravelly" shall be addsd
89 te pomp moiffis. Add te wondl MsaidyM 5f feere appears GO Ibs
fnfiS33 sofiiJ ttto gravel Aeisl te mn3 M$raveH/° sf there
oppgGst; CQ &3 snore gsweS sto soffid. For example: "sarady tern
eloy0 QL", "grovelJy (fas day, Or, or "samdy sJlte, ML"

. shall be added to the group name. For example: "silsy gravel
with cobbles, GM."

16.5 The report shall include (the information as to origin,
and the items indicated in Table 13.

NOTE 13—Example: Clayey Gravel vrisk Ssszd end CsMfes.' OC—
About 30 & &os to cooT££, sub?ouadsd no sutasaalor graveJ; oteosta 30 ft
fies to cocrsa. subrouodfid sand; oboai 20 % Sszas wish Bbcsdtusn plasstcisy,
Wgh «8ry sireagsh, SK> dilosoncy. mediufn noagtesss; weoJt ireccusoa wfeh
HCJ; origjaol Seld sampte ted oboaa S& (b;

la-PZcss
Gsotocis I
Wore 14—Os&isr

givea

!sss thasj 50
JSJ Tfte soiJ is a gravel if nits percensage of grave! is

snimased 10 bs more ihan ihe psrceniage of sand.
13J TS^g so5S 5s o s&fid if te psircenuage of grovel is

SKJsiaQC^ to &3 ©giyal BO or !eso tara tSis jpsrcesiaoge of sorod.
HSJ T&g csi EC o cfeera

areeECage of iEgj So esfeocsd cs &s S % sj Cs58.-

US JJ MstsssiSy ttEis soaJ as o vysM-smdad gmrsl, GW0 or os a
o

dl OtSfeGSOffiJfoS QEISIHSiS ©f fe BffiCanaK^liQte JJSGSUJgtg CJ3S3.

US J J Memaii^r tfes coiE w o psgn-fy gradb^ gnawsl, OP, or os
i®® ;̂ QF&SsS send, §]?„ if J8 SOSJSISSB prediosiBiiiJtnsiGJy of osss
e CwfcTssjlly gro«S©s3)0 or on' Bios o widls rairage of siisss wi8&
ES Jmseraiedtote siaes obviosslly. mksmg (gnp or sksp

as
Co &3 Ccsss

fc

stated ia (eras iadicciiag a rasvje
7>«re—Ponicles ore presea! tos
Fi?ty—5 80 80 55 • .
Uesla— IS so 23 O
^ora<^30 no 43 O
Mos&y—50 EO !(&)&

26.2 If, in ihe soil description,
group symbol' nstd moms DO «2ecsrf6@S

o
ara Test!

to &©„ toa te oymfeol

OEldl ISfcO

17.S Ti!»5s prasti©3 pnovnd®5 qwiEaWiive icsforanQKiom on8y,
theirefore, a precision omsS boas saaieinnsinid ts ws& applkoble.

5.0 TStg soJ8 BS eijJier a gravel wishfoass s? a sofE^ withjwes
ts psrcentagg of fimss JG essiiHiQSed Go bs i J % or mans,

l!ts soil os o sl&yey gmvei, GC0 c? a dsysy
ire dayey as denenaist^ fey tfes

18.2 classification; clay; gravel; oygosMC sosJs; sastd; silj; coal
classirjcadon; soil desoiplsoa; visuoJ

''.0 J MsffiSsiJy fc eoffl os o aS<5? gmvel, QM,
5f te iKS3 ojre caUsy co deassTOSEssl fey te
E3 SO.
J Bf Ete cs5S 5s esiianiaa©^ to eoszttDaa S0 "S> ffimss, give Eltoe

4. Porosm «3 grorol, oc/ta, ®7 Dca @7 cD Cfcco (^ &y KC^JX^

SJ Tfe3 (Sirst! gsiDJSjp Gymto!! sWl ©OJ^^gspoiitd so Q ckoa
1 ro cottd (OW, Q?, SW0 SP) astd fee socottd symtol shall
:poitd Bo a grove! or sastd wife fines (GC, GM, SC, SM).
S5 TSie group name sWS correspond to the first group
)l ptas tlte words '"wish c!oy°° or "widh silt" to indicate the
% characterise of fc Ssnes. For example: "well!-
! giroveS waiSj cloy, GW-GC" oj "poorly graded sand with '

. 2)..
is predominaasly sand or gravel

is an estjuiaJ©^ IS % or Kore of $ie ozhe
jeaii, she wos* "v/JKlh gravel1" or °Vi2h sssS" shall bs
o Khs group siams. Fo? esarapk: "poorly graded gravel
(id. GF' or "clayey sarod wish gravel, SC* (see Fig. 2).
If she field sample comaisis aay cobbles or boulders, or
: words "with cobbles" o? "wish cobbles end boulders"

recyctec! paper

8.

(3.
7.
9.
9.

10.
11.
12.
US.
14.
13.
13.
17.

, eacrco

Porfieta o»t9«i3ifi3sr.
PofStsa c*iaps: (13 cppzeprtoto) ton, ototgoc ,̂
tstorfronn paifiifiQ

PtnoGtfiy o3 Dtccs: rowjtocCs,

D2otoTOjr.rasTO.ciTO.rapa
TougJtnxo: Cow. msdiraii. KgJi
Goto (tn nwtoJ coroi2on)
OS» (rrcTtSoj) crfiy Q eugenic oj unuouci)
M5bto3: ery, moi wca
Roticaton w34h HO: nora, c»oC^ otecng

. Consistency <Sn2 ĵra!rt3d ooao crty): very coa, coa, fotsi, ftart, vcsy toti
19. Struciure: otfatifisd. (arrenotsfl, fioourcd.

S). ComauSiterv waoh, «?tsKJsrat3, ofewtg
2?. UKS) ratro
22. GGC&J£C btorprofciGaa
23. AfldiJional commsnto: presence o5 roo3a or rod toijo. procsnso cJ utto,

.. curtsce coafiTiga en ecores^Tairtsti parfeoo, coving e;
sugar hote ci {rGitart octfas. effitaAr in otf^artrtg s; GSKivoStg,

Gte.
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APPENDIXES .

(Nonmandaiory Information)

XI. EXAMPLES OF VISUAL SOIL DESCRIPTIONS

XI. 1 The following examples show how the information
required in 16.1 can be reported. The information that is
included in descriptions should be based on individual circum-
stances and need.

X1.U Well-Graded Gravel with Sand(GW)—About 75 %
fine to coarse, hard, subangular gravel; about 25 % fine to
coarse, hard, subangula? sand; ttrcce of fines; maximum size, 75
mm, brown, dry; no reectioa with HQ.

XU.2 Silry Sand wish Gravel (SM>—About 60 % predomi-
nantly fine sand; about 25 % si!«y fines with low plasticity, low
dry strength, rapid dilatancy, and low toughness; about 15 %
fine, hard, subrounded gravel, a few gravel-size particles
fractured with hammer blow; maximum size, 25 mm; no
reaction with HCI (Note—Field sample size smaller than
recommended).

In-Place Conditions—Firm, stratified and contains lenses of
silt 1 to 2 in. (25 no 50 mm) thick, moist, brown to gray;
in-place density 106 Kb/ft3; in-place moisture 9 ft.

Xl.1.3 Organic Soil (OL/OH}—Abovl 100% fines
low plasticity, slow dilatancy, low dry strength, and low
toughness; wet, dark brown, organic odor; weal? reaction with
HCI. .

XJ.J.4 Silry Sand with Organic Fines (SM)—About IS %
fine to coarse, hard, subahgular reddish saisd; sboii 25 %
organic and silty dark brown raoraplastk fiaes wislh roo dry
strength and slow dilatancy; wet; maximum sia®, coarse sosid;
weak reaction with HG.

X1.J.5 Poorly Graded Gravel with Sill, Saad, Cobbles /and
Boulders (GP-GM)—Abo\il 75 % fine So coarse, hard, sub-
rounded to subsnguJar gravel; about IS % fires, fjord, sob-
rounded to subangular sand; about 10 % silty nonplastic fines;
moist, brown; no reaction with HCI; origins? field sample had
about 5 % (by volume) hard, subrounded cobbles and a trace of
hard, subrounded boulders, with s maximum dimension of 5§
in. (450 mm).

XI- USING TOE TOEN1TF1CAT10N PROCEDURE AS A DESCRIPTIVE. SYSTEM K>R SHAILE, CLATOTOME,
SHELLS, SLAG, CRUSHED ROCK, AND THE LIKE

X2.1 The identification procedure may be used as a
descriptive system applied to materials that exist in-situ as
shale, claystone, sandstone, siltstone, mudstone, etc., but con-
vert to soils after field or laboratory processing (crushing,
slaking, and the like).

X2.2 Materials such as shells, crushed rock, slag, and the
like, should be identified as such. Howevesr, She procedures
used- in this practice for describing the panicle size end
plasticity characteristics may be used in she description of thg
material. If desired, an identification using a group name and
symbol according to ehis practice may be assigned to aid in
describing the material.

X2.3 The group symbol(s) and group names should bs
placed in quotation marks o? noted with some type of distin-
guishing symbol. See examples.

X2.4 Examples of how group names and symbols can be
incororated into a descriptive system for materials that are not
naturally occurring soils are as follows:

X2.4.1 Shale Chunks—Retrieved as 2 to 4-ia. (30 to 100-
mm) pieces of shale from power auger hole, dry, brown, ED
reaction with HCI. After slaking in water for 24 h, material!
identified as "Sandy Lean Clay (CL)"; about 60 % ffimss wi&Bi
medium plasticity, high dry strength, rco dilatancy, ared medium
toughness; about 35 % fine to medium, hard samd; about S %
grovel-size pieces of shale.

X2.4.2 Crushed Sandstone—ProducJ of commerctd eracfs- •
ing operation; "Poorly Graded Sand with Silt (SP-SM)ra; obcai
90 % fine to medium sand; abois! 10 % nonpl&stk forces; <&ry,
reddish-brown, strong reaction with HCI.

X2.4.3 Broken Shells—About <SO % graveH-sjge brokem
shells; about 30 % sand and sand-size shell pieces; abcas JO %
fines; "Poorly Graded Gravel with Send (OP)."

X2.4.4 Crushed Rock—Processed from gravel and cobbles
in Pit No. 7; "Poorly Graded Gravel (GP)"; about 90% fins,
hard, angular gravel-size panicles; about 10 % coarse, hard,
angular sand-size panicles; dry, tan; no reaction with """
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X3. SUGGESTED PROCEDURE FOR USING A BORDERLINE SYMBOL FOR SOILS WETB2 TWO IPOSSSBLE
TOENTIMCATJIONS.

X3.1 Since this practice is based on estimates of particle X3.1.5 A borderline symbol may be used wfeest a fime-
ssae distribution and plasticity characteristics, it may be diiS- grained soil has properties than indicate tiiott M is o! she
cuSs to clearly idenJjfy she soil as belonging to one category. To boundary between a soil of low compressibiiMliy-aisd a soil of
Mime JfioJ fc sojj may fol imo one of two possible basic high compressibility. Fta exampJe: CL/CH, MH/ML,
groups, o todeirMns symbol saay be used wish efts irwo symbols

X3.2 The order of Acs bordesfe symtote staaM rete
similarity 80 surrounding or adjoseM sate, IPs? eaampk: soaSs
in a -borrow area have been iderosiifed os OS. Cte eomrpfe os
considered. 80 haw a tordesriiKg

a Blnsk 3fer eaaisBjife: SC/CL or OL/O3.
5O.LS A torderlfe syratoH may be ased when the percent-

Qge off os
62 to n eoojse-graJRsd soiS with fines am8 she

soaJ. For example: G5WML o? CL/SC. show similarity, the bordedks symfeol EJS CH/QL

oreoge Q^T caoid
sasmg. -Ru eHouapIg: GP/SP, SC/OC, GM/SM, » is should be the group name for

tapossibls 80 fenwg o soaJ 8toi8 would Eiavg Q

X3.3 Tfes group name for a eoil wfete o
name for tlse Ute sym

GL/QHI leaa so faff cloy

.3 A EwdeHisig symboJ may bg assd wUten lifts soil
Isjg ejtfear well graded JCT poorly grodsd. Bar eaample:

GW/GP.SW/SP.
S?3J.iC A terderline symbol may be ased when the soiS X3.4 The use of a borderline s>«!3jlbo!l

a sill! o? o day;li%r eRQ'mple: CL/ML, CH/MH, irtdiscriminaiiely. Eveiry
' ooSl imto Q Bii

fo:

bs omc^g t® ^ust! picsg BBss

FOK ESTMATMC THE
BN A

ss^e percentage of coarse- ore^ TDie percentages of sand and ffimss nm .Efije mitratao BECT@ sssg No.
rtg-graissad ssjonesioS rajoy bs esaimsiied by thoroughly shaldsng 4 material can then be estimated fmm $ts wcA tassti. (S&34IJ.
mtoamia! 'soJB orf ^acsj m a test tote w jar, rmd thai X4 j ^^ Tea ^ ^tive pamsmsw <
r§ TtW2 Eo.S£Kle- ™e ̂  pamc te wilJ fall so >£J^_Selec8 9nd moisten eno^ ,,5^ Wo.

s tewora a>d successively fine, psrt.cles w.ll be deposited msteria, 8(J fom) Q Hll (25.mm) CMfeg ofsdL Cp8 fc etsfe 5ra

e; she sand- 81Ses wdl foil out of «»pen>K» hQ8ft ^ ^.^jf ao ̂ g sidSt ajtd ptQCS te ^j^ tof ta Q cmai

s relotiiw wSBitffle of each caas eeporaie,
a ea porada^s totontey

VmzsS Maksd—Mzwmy visuaBise 6}ie gravel cass
tfefes pfc^l ia Q seek (or oxEtsr cositosst̂ ) cr scsfes. Ttea,
te COCE3 wsSa fc s'orf stae-pcs^cJes cmd &s Sscss. Tfcsa,
nloDDy ©osmpoire te wssim&sr <s& saslks tto esslmade uSie perceuiH-

egUmate

as bassd on weisKrart votaes.
a a off

oas

3C4.3.J While washing, i« may.
3. 4 sieve sise amd mmm No. 4 sieve size present. lumps of fines with the finger 20 g@8 feg coimssil

XS. ABBMSVIATEU SO3DL CLASSOTCAHON SYMBOLS

5 J la sorns cases, because of lack of space, an abbrevj-
system susy be usefal so indicate the soil classification

bo! and name. Examples of such cases would be graphical
s, esc.

i.2 This abbreviated sysseraa is BO! a substitute for she full
-. and descriptive information but can bs used in supple-
ary presentadons when the complete description is refer-
I.

recycled pap^r

XS.3 The abbreviated systesn shmU comsfcf!
classification symbol based on this standard vrA
lower case letter prefixes and suffices as:

8 a gsniy
g = grovcfly

iO

X5.4 The soil classification symboS is to be
wolitpv and
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Diesis. Some examples would be:
Symtwf and Full Narm

CL. Sandy lean day

Abbreviated

8(0.)
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SP-SM, Poorty graded sand with.sitt and gravel
GP. poorty graded gravel wrth sand. cott*». and
boulders
ML, gravelly silt with sand and cobbSss

(SP-SWl)g
(GP)ec&

X<S. RATIONALE

Changes in this version from the previous version, Classification Symbols.
D 2488 - 90, include the addition of X5 on Abbreviated Soil

Tte^rtonSccfer/ft* T«ttv«*MM*ft Crtwwporttan «*«*«, «e
wtoanyfiem merttowd *i (to sts/Ktert. Use/s ef Ws torture™ expressly „**,«> fiat
patera rights, and ffts ra* <rf totringemen! m such rigHs. are onSnity their own mspcmt>Hl)t

. ̂
towswi to'She ASTM Committee on StanOerts. 100 Ban Hertxtr Dm. West Conthohocton. PA
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METHOD 6200

FIELD PORTABLE X-RAY FLUORESCENCE SPECTROMETRY FOR THE
DETERMINATION OF ELEMENTAL CONCENTRATIONS iN SOIL AND SEDIMENT

1.0 SCOPE AMD APPLICATION

11 This method is applicable to the in situ and intrusive analysis of the 2@ snalytes listed
in Table 1 for soil and sediment samples. Some common elements ere not listed in Table 1 boeause
they are considered "light0 elements that eannot be detected by field portable x-ray fluorescence
(FPXRF), They are: lithium, beryllium, sodium, magnesium, aluminum, silicon, and phosphoniSo
Most of the analytes fisted in Table 1 are of environmental consem, while a few others have
interference effects or change the elemental composition of the matrix, affecting Cjuantftatiora ©f the .
analytes of Interest Generally elements of atomic number 16 or greater can be defected and
quantHatad by FPXRF. . .

Ho2. Detection limits depend on several factors, the enalyte of interact, the type of detoeier
used, £h@ type of excitation source, the strength of the excitation soyree0 count times used to
irradiate Hh@ sample, physical matrix effects, chemical matrix effects, and interelement specJraS
interferences. General instrument detection limits for analytes of interest in environmental!
applications are shown in Table 1 These detection limits apply to a clean matrix of quartz
(silicon dioxide) free of interelement spectral interferences using long (600-second) count
These deflection limits are given for guidance only and will vary depending en the sample rmMK,
which Instrument is used, and operating conditions. A discussion of field performance-fcesed
detection Emits is presented in Section 13.4 of this method. The dean matrix and field performanes-
based defection Omits should be used for general planning purposes, end a third detection (limit
discussed, based on the standard, deviation around single measyremento, should b® m®$ In-
assessing data quality. This detection limit is discussed in Sections 9.7 arsd 11 .S. •

HJ Us® gf this method is restricted to personnel either trained and CtfiOwSedgeabl© In to
operation of an XRF instrument or under the supervision of a trained and knowledgeable individual.
This method IB a screening method to be used with confirmatory analysis ysing EFA-approvod
methods. This method's main strength Is as a rapid field screening procadure. Th@ metlhed
detection limits (MDL) of FPXRF are above the Soxicity characteristic regulatory level for most RCRA
analytes. If the precision, accuracy, and detection limits of FPXRF meet the data quality objectives
(DQOs) 0? y0yr project, then-XRF 5s s (fast, powerful, east ©ffectiv© technology f@r old©
characferizati©a • ^

2.© SUfvMARY OF METHOD •

2. H Th© f PXRF technologies described in this method use sealed radioisotop© 8@yp©c te
irradiate samples with x-rays. X-ray tubes ar@ used to irradiate samples In the laboratory ahd aim
beginning to be incorporated into field portable instruments. When a sample is irradiated with x-rayc,
the source x-rays may undergo either scattering or absorption by sample atoms. This later praseso
is known as She photoelectric effect. When an atom absorbs the source x-rays, the incident radiation
dislodges electrons from the innermost sheHs of the atom, creating vaesrjcies. The ©Seeiren
vacancies ar© filisd by electrons cascading on from outer electron shells. Electrons In ©w3er shells
have higher energy states than inner shell electrons, and the outer shell ©lesirons give @ff enes^y
as they cascad© down into the inner shell vacancies. This rearrangement of electrons resute m
emission of x-rays characteristic of the given atom. The emission of x-rays, in this manner, is termed
x-ray fluorescenc®.
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Three electron shells are generally involved in emission of x-rays during FPXRF
environmental samples: the K, L, and M shells. A typical emission pattern, sfis© edited a
spectrum, for a given metal has multiple intensity peaks generated from -Ufa© @missi©n c'
shell electrons. Tlh@ 'mostf ©ammonly measured x=fsy ©missions ar© frora' tin)© K ainid L
metals witlh an atoraiB© number greater than §7 have measyrabl© M item ©RDJssJ©tni§.

iseh ehsraeterisfe x-ray line is defined with the letter K, L, ©IT
had the original vacsney and by s subscript alpha (a) or beta ((

1 Jh@ vacaney and produe© Jh©
I iteil l?ffl@d fey m L §

a yaesim@/ OJD ffin© K sfaeffl.Hod fey ©IFS W3 shsBi ©ledlroin).

analysis of
im emission

L, ©r W3

a t^ DSfftKS 5§
§s @ini avQira§0

Ti/DQ fC DSlnlQO <?©((' Q @!̂ eiiD ©C@lnnl©ln)i! QP3 Sln)Q

,, F@(r a gsveini atera, Site «=ray§ @inniM@d tern L tensiloinjs ams slwa^o OQOO Qini9(
toinra CC ten§itfeini§. Unlik© Sh© K to©§t Ufa© maeini L ©mniis§»©in) DOODQO (pL,

'. Tih© dr}©5©g of ©n© ©P Hh@ ©ilh©ir
inil! Gsuss (nrsigM'fes ipR38Q(nii HUQ L Qmissbn iiini©§ air©

i5)©te feu
to aini

s©yms© ean ©x&ft© ©haraeJ©n's(!Bg x=ray§ from ana -

©dg© energy fer fllh© parJisollar in© groyp ©i? Hlh©
80

ginsateir ftaini
SMirnl @{? fflhQ IrC, L,

fo
© einigfl̂ QS ©(? SlhQ psinl5©y[!a(r ©QtnnlQtnlo OffKa DQ L

StUllnn) Of flto (L QfDial M- flSlnlQ Qff

©ini©irgy d@s© te &y2 D@ss
a g§dlfinl5yinn)°1I©il SQypgQ, Wih)8(g!!Tl IhQQ OSil

salht̂ It feeder sensKiviiî  feir-2ling©[n)feinni wlhSdh lhao a CC to©
a

2J . Omideir flMg method, inorganig anatyt@s of infersst ar© 5d@mitffi©dl a
a fleBd psslalbl© ©ini©ir0y°di§peirsJvQ x-ray faorasesne® speeiromeieir. Radiafein) tern ara© ©IT
rsdt©5§©to|p@ §9urg@§ ©rim ©fgetrieaflly-exeitod x-ray tub© is ua@d So g@fn@fn8Q' dhiii?
.emissJQsis from @I©f¥ii©rjte en i samp!©. Up to thra© souress may- be us@d H© ifradiad© ®
§©yire© ©moHs ® spedlte s©H ©? pnmsiry x-irays tfosft eseife 3 eosrespomidlBinii suiniiG ©i?
samp!©, W(h©(ni more tlhgiini ©sn© soyiree ean ©Kate th© element ©f i

to 5S§ ©xdditfoifD effia'ongy far filh© ©Heimeinift bf oimter©§i

F@ir measyreimiginifl, ffine" sample 5§ positioned in front of the probe wiin)d@w. TMs îini to d©ini9
gtnjm@ni!§:- Dm i58y ©r intfusiv©.' ff ©p@irs)ft@<°l SOD 8lh0 8in) sS
dl eonte l̂ wiHh fllhe soil susfgie© to b© snallgQisL WihQini aini

Es
and plaesd BSD i ssimipC© ©up. Tlhe sample eup is th@n plaesd on. top of the wa'tndow omiside §

V

I© analysis is then initiated by exposing the sample to prirnairy radiation frown . _
. _.\ and baekseattered x-rays from the -sample enter through the d©'t©eS©ir wSnd@w

converted into eteetrie pulses in the detector. Th@ detector in FPXRF instrument Is wiuil
a soUod-stat© d@4ectsr '©r a gas-filled proportional counter. Within the d@ted
characteristic x-fays ar® converted into a train of electric pulses, the amplitudes «

recycled paper
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proportional to the energy of the x-rays. An electronic multichannel analyzer (MCA) measures the
pulse amplitudes, which is the basis of qualitative x-ray analysis. The number of co.unte at a given
energy per unit of time is representative of the element concentration in & sample and is the basis
for quantitative analysis. Most FPXRF instruments are menu-driven from software buitt onto the (units
or from personal computers (PC).

The measurement time of each source is user-selectable. Shorter source measurement times .
,(30 seconds) are generally used for initial screening and hot spoil delineation,, gndi longer
measurement limes (up to 300 seconds) are typically used to meet higher precision araS accuracy
requiremQnta

FPXRF Instruments can be calibrated using the following methods: Joternalfy mlng
fundaments! parameters determined by the manufacturer, empirically based OJB site-specific
calibration standards (SSCS), or based on Compton peak ratios. Tfre Compton peak is produeed
by backscattering of the source radiation. Some FPXRF instruments can be calibrated i
methods. -

3.1 EEXBB Reid portable x-ray fluorescence. _

3.2 MSA; Multichannel analyzer for measuring pulse amplitude.

§.S £g£§: SRe specific eefibratietf standard. . "

3.4 JEE° Fundamental parameter.

: Region of interest - • '•

Standard reference material. A'standard containing certified smoyrste
in soil

3.7 sM: Electron Volt. A unit of energy equivalent to the amount of energy gained
electron passing through a potential difference of one volt.

3 J Refer to Chapter On© and Chapter Three for additional definitions.

4.0 INTERFERENCES

4.1 Tfa© flotaS method error for FPXRF analysis is defined as the square tract ©f
squares of both instrument precision and user- or application-related error. Generally,
precision is the least significant source of error In FPXRF analysis. User- ©r application-related <
is generally more significant and varies with each site and method used). Some §@urees 9?
interference can be minimized or controlled by the instrument operator, butt others cannot Common
sources of yser° or application-related error are discussed below.

4.2 Physical matrix effects result from variations in the physicai character of «h@ sample.
These variations may indude such parameters as partide size, uniformity, homogeneity, and syrfees
condition. For example, if any anatyta exists in the form of very fine partides in a coarser-grained
matrix, the anatyte's concentration measured by the FPXRF will vary depending on how fine partides
are distributed within the coarser-grained matrix. If the fine partides "settle" to the bottom of the
sample cup, the analyte concentration measurement will be higher lhan if the fine partides are not
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mixed in well and stay on top of the coarser-grained particles in the sample cup. One way to reduce
such error is to grind and sieve all soil samples to a uniform partid© siz© thys (reducing §afflpHe=t©=
sampl© partid® sis© variability. Homogeneity is always a concern whan dealing wjflh §©51 samptes.
e"""" ~°~rf should b® made to thoroughly mix and homogenize §©51 samples footer amiafiysos. (Foold

~ ^ n._,;.__:,v, 0? 4h@ sgmpi® generally has «h© "-—" -,̂ ^ ^,studies have shown ^
fitih ©Qf«fjffiiat©fy samples.

Moisture content may affeet the aeeuraey ©f anajysos ©f §©511 airsd s©dim®inift samplo
aitsiysiss. when the moisture content is between i and 20 percent!,, ah© oveirsDJ ©(nnsirlfrQinni-infiioosteiir©
rosy b© mMm®l However, moistuire (sosiileinit may- Ib© a majoir soymg© ©(f ©mnsr ^feof.
s-̂ imeiteq gf syjfas® sotJ or s©dim@r!l! that are saturated wiflJj wader. This emroir ©aim IbQ rate

" wpSss K.a ©9iniv© î©in) ©s* toasteir ©yea Wjfewav© dn/ino 8s ira©8
s Ihav© showsn dfjafi (nra5(gr©wav@ ds^«@ easn jogroas©

sis aodl Ibegayi© mefisll fe^raents w Q

ainid ©odhi
n0 §®lnniD

ao

___________ _ a§@§ ns-fih© di
Tlhfe srroir is minimized Iby maintainifiig Sh© sam
Foir Slhi© b@g(! r@§yl(!§, ^h@ wiindgw ©? Uhg pmalb© should b@ i

Shat Ufa© gamp!® should £>© fiat and smooth to provid

.0 Ohsmieall matrjJt effeeJs iresylK! tern diif@ir@ng@s Jra Stu© ©
. Thesg- @ff@d§ o©soir as ©ithor speeirall snfliiii
ini ainid-sifiilhgiifj©3inni@inii! phenemeiniia. @9t83' @f?@e5s

metels. As oan'mplles 0f 'albsofpfciri-'giRidl isrihaneeimieinit! eff
, tednidnf Sfo© 5nl!@ini§B /̂ M Sh@-Gy

§18 fie @K|p@inis@ ®? Fe &@sa'ys@ J!lh@
l/ly©!rese®(ni1! peak ©Oinaini." Tihe @ff©eJs eaini Ib© ebirodbd i
initel puiraiinrjgjQir (FPJ 6beffiej@n8§d Th© @ff@ets aUso icsiifj .

odhi ©ainiteiini si tte oJemeinifis pr©g@fiiJ ©mi sSHo Jhat ean iinitesfetB wafilhi ©p©

"4.i.- Wh©n present in a sampte.-.esrtgiin »-ray lines from
En) @im@rgy_sndg Shsrefore, ean caus© interfengn^ by produein§ @ §©v@r@ ©v@in®jpps spenyra.
dognse to which a detector can resolve th© ̂ wo different peaks depends 90 fihe ep©^ mas©iy(lfoin)
the deteeJer. If She energy- differsne® (between the two p@ak§ in ©(leeXroini y®M§ o§ J©s§ fihaini
r@s©ly(!iQO of the detector in' eHoetron volte, Sh@n' th@ deteeior wim iniofl b© afe'O© t© fei

' "

©ami Ib© wscy

©H@m©(ni(!
Tlhos is eaBI@d the

7:1,

."Th© m©st soimmoin) sseetrym overiaos invoJy® the K$ fa© 9.
Beesys© th©

a .„ „„„„„ „ „ „ „ ...̂  ...,«..„„„„.,5, ,̂»,„.«,.„„, 2=1,'inniy§(! lb© pireseinittat!
te ©ay§© a prabtenni, Tws examples of this type ©f spedral onteirif@inginigQ otw@lh7Q ffiDQ pire§Qin!©9
©9ini6®ntra2i©ini's ©f vanadiym (V) whers attempting to tneasyr© ©r ©r fflhiQ pP3S©ini<gQ ©ff Caif^g
©aneantrafons ©f Fe when attempting to.measure cobalt (C©). TTh© V K® a^ ^ ©ini©iî 5©s QSQ 4.ii
snd §.43 Cx©V, resp®etiv@lly, and the Cr K^ energy is 5.41 k@V. The F© Ir̂ , ain/dl U^ sini©irg5©§ afQ'd.4©
and 7.0S h©V, respectively, and the Co K^ energy is 6.92 keV. The differensQ b®fiweeini.i!lhe-V ^ ^^
Cr Kg energies is 20 ©V, and the difference between the F® K^ and th© C© Kj, gmxr™8"" s~ *"
The resoWon of tfj@ highest-resolution detedors in FPXRF instrument 5s 1?© ©V. »
amounts of V and Fe will interfere with quaniitation of Cr or Co, respectively. Tte |
is a frequent problem because it is often found in soils at tens of thousainidls ©f parts per
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4.7 Other interferences can arise from K/L, K/M, and l/M line overlaps, although these
overlaps are less common. Examples of such overlap involve arsenic (As) K^/iead (Pjb) Lg arsd sulfur
(S) Ko/Pb M,,. In the As/Pb case, Pb can be measured from the Pb Lg line, and As can be measured
from either the As Kg or the As KQ line; in this way the interference cart be corrected, if tha As Kp
fine is used, sensitivity will be decreased by a factor of two to five times because H is a less irutens©
line than the As KO line. If the As K,, line is used in the presence of Pb, mathematicafi corrections
within th@ instrument software can be used to subtract out the Pb interference. However,, bosauso"

~of the limits of mathematical corrections, As concentrations cannot be efficiently ^ateulat©^ for
samples with Pb:As ratios of 10:1 or more. This high ratio of Pb do As may result In ne As .feeing
reported regardless of the actual concentration present •

W)9 onsfasmenfi can fully compensate for this interference. 8« is important for.ara operator to
understand this {limitation of FPXRF instruments and consult with the manufacturer of the FPXRF
instrument to evaluate options to minimize this limitation. The operator's decision wi be based on
action Bevels for metals in soil established for the site, matrix effects, capabilities of the
data quality objectives, and the ratio of lead to arsenic known to be present at the site,
encountered that contains lead at concentrations greater than ten times the eoncentratlon of areenic
I! Is advisable that all critical soil samples be sent off site for eonfirmatoiy analyst by ®n 1FA=
approved method . . • • - . * •

4J Of SSCS are used to calibrate an FPXRF instrument, ffiie samples eolleeiedl mysfl fee
representative of tie site under investigation. Representative soil sampling esisures flhai a sampJe
or group of samples accurately reflects the concentrations of the contaminants of concern at & given
time and iosatiea Analytical results for representative samples reflect variations in the presence and
concentration ranges of contaminants throughout, a, site. VariebJeo affecting sample
representativeness include differences in soO type, contaminant coRcentratien variability, sample
coflectien and preparation variability, and anaSytical variability, aft of which should bs minimized as
much a s " '

. •
4i §©1 plhysleai arid chemical eifeeis may be .'corrected •using SSCS

analyzed by inductively coupled plasma (1CP) or atomic absorption (AAj! -methods.
source ©? error eao be 'introduced if thesg..samples:are not representativ© .of the
analytical error is large. Another concern is the type of digestion procedure ysed'to
samples for the reference 'analysis.' Analytical! results for the .cosifirmatoiry
depending on whether a -partial digestion -procedure, 'such as SW-646 Method
digestion procedure, such as Method 3052 is used. St is known that depending on. the.
soil or sediment, Method 3050 will achieve differing extraction efficiencies for d5fferenaRaSyie§
interest. Tho confirmatory method should meet the project data quality objeetfves.

XRF measures the Mai concentration ©f an element; therefore, to eehieve .te gpeaSesH
comparabifity of this method with the reference method (reduced .bias), a tola! digestion pmcedu&n
should be used for sample preparation. However, in the study used to generate the performaKsee
data for this method, the confirmatory, method used was Method 3050, ansl the FPXRF
compared very well with regression correlation] coefficients (r2 often exceeding 0.95J
barium and chromium. See Table 9 in Section 17.0). The critical factor is thaf
procedure and analytical reference method used should meet the data quality objectives (IDQOs)
She project and match the method used for confirmation analysis.

4.10 Ambient temperature changes can affect the gain of the amplifiers producing crss
drift. Gain or drift is primarily s function of the electronics (amplifier or preamplifier) and not
detector a§ most instrument detectors are. cooled IQ s constant temperature.. Most! FPXRF
instruments have a built-in automatic gain control. If the automatic gain control is allowed
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periodic adjustments, the instrument will compensate for the influence of temperature changes on
Ki energy scale. If the FPXRF instrument has an automate gain control function, the operator will
not have to sdjust the instrument's gain unless an error message'appears, iff sinnMsw message
appears, tie operator should follow the msnufaetyrer's proe@dyre§ fer troyble§fo©©fa§ fih
Often, this involves performing § new energy ealibraJiors. The perfonrjane© ©f an @n@r@y
sheds te assess drift is s quality ©ontrel measyre diseussed to S©@il5©n iJL

6f t?Q ©psrater 5s snstfuded by the manufacturer to manually ©©ndygJ a
Gnxsressfng ©r debasing ambient temperatyr©, 5fi is standard So peiffenTS a
to 2© sample rasagyreiments ©r ©n&s arj lhi©yr wifTiiehever is rasrs fsTg^ygirai §2 os afe©
a @atn driedk bs psrforarjsd ffthe fiemperaturs fly^ysites m©(re flnaini 1© to 2©aF.

: and iradoatoini

I ©£h@ir (ten Shis rmnyfe^uirQir, Hh© anaDysd s!hi©yBd be swairts ©if ffins
u§© Q? radiation-produeing e^yjpmsinî  and rsdfeiî
Ue@nses fer radioa îve materisls are @f tw® (iyp©8J

wJnc@!h) os' ysya!5y piravided by the manufaeturer fer receiving,, as^uWng, owsniiSinigi,
and tensfesfing radioa îv© mmterssll 5n©©rp©rst©d 5ini a dewss ©s* ©(̂ ySpraiQiniilo Qond
wlnssh) BO 5co y©d to nainriisd! p©rs©(nis fer th© ©perafen ©(? radi©ad%Q SfnistennrSQinite QO P3 ]̂iy;Sin3(sl (s?

a.qias.fflsfei'Q fe',? fsraKî ^ nnsHfyeting al'p©ira©nn©l0 maMsfajto® te[p©£
A ©QiW ©? fin© (rsdcQagSkcQ BfjafteirBall 8o©9(nioQO QKial Cook Qooto

" *• . o-

wsfilh) fin© onstrymspl! afl ai ffe©s and §vstebll9 te 0©@a[] Qn Î patetrflpfl oiy/fiitef
X°(ray tobeo d© n©(! reqyire radi©aetBV© matenaH l@Sns©s ©r D©a[Is fiQ8t!o0 feed
and I©3tis©g whodh vary fern sfM© to stai©'. Don addifetni,, -feSI-safe

1 when©v©(r an 2Hmy tab© is ensrglSs©^ • P(r@visS©ns- Sisfl©§j
tions, shielding, training0 and. responsible pers©pn@8 appCy to jj=(/ay flyb©s jysfi

as to rsdiosietivQ sourses. In additSon0 a J©§ ©f'the time's and ©perating
whenever an x-ray tube is-energked. Bnaliy, sn additions!! hazard present witlhi snray talbQS is'
danger ©f eleetn'e sh@dk from the high voltage supply. The dsinger ©(F etestn© sihedk 5§ as §yl
as the danger from radiati©n byt is ©fJen overlooked beeays© ©f 5fis'

i»2 Radiafcn m©n5i!9nng equipimi@!n)t shoylld &© ys@d wofin fine
Tits ©p@ral!©(r and te smnnsyiniding envoronmni
to iradiato©ini, Thaifrosl ium5in@se@n4 d<st@€il@irs pTL0) to ffine feitra ®(f bsdgQS sirad OTQS sira
imi©noi!©(r ©poiratoir' radoiifoini @xp©sy(rt3o TlhQ TLDs stemld -b© w©inni on tUfu© 'EFQQ .©? inn/@8Q

o Ths msxiinniyifini permissibl© w(r8©l©-b©dy d©i© tomni ©ggup§)t5©nal ©jqp©gtyiP3 5s
sini (REM) per yaair. Possible exp©iyr© pathways feir radtsfctn) to snteir

tfon,, inhaling, and absorption. Th© best precaution to prevent radiati©in) @jjp©syr© 5s d

.3 Refer to Chapter Three for guidane® on some proper s

QUIPMENT AND SUPPLIES

@J EPXRF_Sj3ejj[rome(te_r: An FPXRF spectrometer consists @
soure© Jha8 provides K-rays; (2) a sample presentation devic®; (3) a detostor thafi ©9nv©sti x°
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ray-generated photons emitted from the sample into measurable electronic signals; and (4) a dais
processing unit that contains an emission or fluorescence energy analyzer, such as an MCA, thai
processes the signals into an x-ray energy spectrum from which elemental concentrations in the
sample may be calculated, and a data display and storage system. These components and
additional, optional items, are discussed below.

• .3. 1.1 Exchation Sources: Ktost FPXRF instruments use sealed radioisotepe sotorses
to produce x-rays in order fto irradiate samples. The FPXRF instrument may contain between
one and three radioisotope sources. Common radioisotope source*) used for analysis for
metals in soils are iron (F®)-55, cadmium (Co>109, americium (Aml-241, and curium (Gm)°
244o These sources may be contained in a probe along with a window and the detector^ the
probe Is connected to a data reduction and handling system by means of a flexible ecbte,
Alternatively, the sources, window, and detector may be included in the same unit as tha data
reduction and.handfing system, • . .

Tthe relative strength of the radioisotope sources is measured in units
. All ether components of the FPXRF system being equer, the stranger the seuree,

greater fthe sensitivity and precision p? a given instrument Radioisotepe sources undergo
eansflant decay. 8n fact, it is this decay process that emits the primary x-rays ufe$ to exdte
sampSes for FPXRF analysis. The decay of radioisotopes is measured in "half-fives,,0 the haf-
life of & radioisotope is defined as the length of time required to rsduse the radioisotopes
strength ©r activity by half. Developers of FPXRF technologies recommend source
repSaoemersfi at regular intervals based on the source's half-fide. The (characteristic iwnrjys
emitted from each of the different sources have energies capable of exciting a eertain rarcge
of anajyies Ire a sample. Table 2. summarizes the characteristics of four common radloisotcpo
seurcse,, . ' • ' . . • • •

tubes have higher radiation output, no intrinsic .lifetime JImS, produce
©utpuJ over their Gfetime, and do not have the disposal p^Mems of radioactive sources but er©
JusQ now appearing In FPXRF instruments "An electrically-exeited. x f̂iey tube ©perates fey
bombarding an anode with electrons accelerated by e hogh voyage. Tft® electrens gain an
ensrgy in electron volts equal to the accelerating voltage and caa exeft© atpmie iraosStieras to
tie anode, which then produces characteristic x-rays. These characteristic x-rays. @r@ emitted
dhrsugfii' a window which contains the vacuum required for the eleefcro .accelersfoa,- An
cmportant difference between x-ray tubes and radioactive sources is that She electrons whieh
bombamd th@ anode also produce a continuum of x-rays across a broad range, of ®rseirgies ^
addition f© the characteristic x-rays. This continuum Is weak compared to the characterise
s-reys feul ears provide substantial excitation since it covers a broad energy rangeP-J has ifce
undesirad property of producing background in the spectrum near fihe enafyte x-ray in@s wt̂ eim
H is scattered by the sample. For this reason a filter is often used between the x-ray 'tube end
the sample to suppress the continuum radiation while passing the characteristic §s=ravs too?
tie anode. This fitter is sometimes incorporated into the window of the x-ray tube. The
©f accelerating voltage, is governed by the anode material, sinee the electrons rrasi
sufficient energy to excite the anode, which requires @ voltage greater than the absorption
edge of the anode material. The anode is most efficiently excited by votteges 2 1© 2.S tim@s
the edge energy (most x-rays per unit power to the tube), although voltages as D@w ©s U
times the absorption edge energy will work. The characteristic x-rays emitted by the anode are
capable of exciting a range of elements in the sample just as with g radioactive smsrea T§bl@
3 gives the recommended operating voltages and the sample elements excited for §@mQ
common anodes.
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3.1.2 Sample Presentation Device: FPXRF instalments ears b® operated In
modes: in situ and intrusivs. If operated in the in situ mod®, th® pral
dir@et eontaeJ with dho sail suffaes to -b® analyzed. When am FPXRF 5
Sim the intrusive wed©, § g©iJ or s@dim@nt sample must b® eolleeiod, pf_u
s sample eyp. For mes« FPXRF ingtrumentg opgratsd in dh© ortryso^©
rotated s© Shaft iha window feess upward. A proteetive sampil©

! ti® samp!© ojp is plaesd on top of the window insid©

In
os

©aver os

ew®
^po
fei do@d©=2i© ©¥;

a$bx°ff@y plh)©i!©(fj sUfakeo a fe
.3F8@ .@ll@(glr(

a eytnTQinii.piuisQ fcifljs
M fife d@8e©3©ir.

tfjiU©d! wffin'a imiMMirQ.®?ini@&il@.'ain!̂  ©ffiiiQir
Ulh© jps-afesm IThs.eHedde

i.H.4 . 0@X
ipstrum@nJ m te.MGA

-p@ak m a ipeetanfj,
@ste '
.' Tlh©

Uiitte: 71h@ key component ors Jfn© dsda .prog@ss5in)'
Tlh© MCA reesivss pulses toren Hlhie dsfi©d!©[r'a(n)d §

TThi© (MCA counts pdsss p@r soeamid S© deieimn
os mdlG&Kw® ©f fihr- Jangfi anal8Q°s

GO nra Ufa© oini§teinfii©inifi;

a

L2

.3 Po!yethyl@ne samp!® cups: 31 millimeters (mm) to 40 mm tin dj
(approprisit© for FPXRF o

S.4 X=ray window film: WlyJar™, Kapton™, Spectrolene™, polypropylem®, or squivsliginit; 2J
16.0 mierometlors (fjm) thick.
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6.5 Mortar and pestle: glass, agate, or aluminum oxide; for grinding soil and sediment
samples.

S.S Containers: glass or plastic to store samples.

6.7 Sieves: 60-mesh (0.25 mm), stainless-steel, Nylon, or equivalent for preparing §00! and
sediment samples.

i J Trowels: for smoothing soil surfaces and collecting soil samples. - -

@.i Plastic bags: used for collection and homogenization of soil samples.

i.1© Prying oven: standard convection or toaster oven, for soil and sediment samples thai
require drying.

7.0 REAGENTS AND STANDARDS
•

7.1 Pure Element Standards: Each pure, single-element standard la intended to p®dieee
strong characteristic x-ray peaks of the element of interest only. Other elements preset must noli
contribute to the fluorescence spectrum. A set of pure element standards for eommenly saygW
analytes Is supplied by the instrument manufacturer, if required for the instrument; not all instilments
require the pure element standards. The standards are used to set the region of interest (ROI) for
each element They also can be used as energy calibration end resolution dieck samples.

12, SHe-spedfic Calibration Standards: Instruments tfiet employ fundaments! parameters
(FP) or similar mathematical models in minimizing matrix effects may not require SSCSo If the FP
calibration model is to be optimized or if empirical calibration is necsssaey, then SSCSs
collected, prepared, and analyzed . '

TBie SSCS must be representative of the matrix to b© analyzed fo$
.Theses samples musi be- well homogenized. A minimum ©ff ten samples
eoncentratierj ranges of the analytes off interest and off fthe interfering, elements must b®
obtained from the site. A sample size of 4 to 8 ounces is recommended, and standard glass
sampling jars should be used.

7.2.2 Each sample should be oven-dried for 2 fe 4 hours at a temperature off Doss
ton 150°C. If mercury is to be analyzed, a separate sample portion mustt remain_URdriec30 QQ
heating may volatilize the mercury. When the sample is dry, gir large, organie"dibri§
nortrepresentattve material, such as twigs, leaves, roots, insects, asphalt, and rode should
removed. .The sample should be ground with a mortar and pestle and pessed through
mesh §iev@. Only the coarse rock fraction should remain on the screea

7.2.3 Th@ sample should be (homogenized by using § riffle splitter or
to 200 grams of the dried, sieved sample otra a piece of kraft or butcher paper about 1.i fey
fees In size. Each comer of the paper should be lifted alternately, rolling the soil ever m St
and toward ih@ opposite comer. The soil should be rolled on its@lf 20 times. Approximate^
5 grams of the sample should then b@ removed and placed in a sample eup fe? FFXRF
analysis. The rest of the prepared sample should be sent off site for ICP w AA analysis. The
method use for confirmatory analysis should meet the data quality objectives of the

7.3 Blank Samples: The blank samples should be from a "dean" quarto or silicon dioxid©
matrix that is free of any analytes at concentrations above the method detection limits. Tfaeso
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samples are used to monitor for cross-contamination and laboratory-induced contaminant
interferences.

7.4 Standard Reference Materials: Standard ref@r@ne@ materialls (SRW5) ar©
containing esrtifjsd amounts of metals in soil! or sediment Tlriese standards ams y§
and performainies dieeks a? FPXRF analyses. SRMs eaim be obtained few ftfas Watfoirjall tostSfcto
Standards amxa! TeehnoJegy (MIST), tlh© U.S. Gedsgseall Survey (U'
Research Council, and th® national bureau off standards in foreign nafeims.
for FPXRF analysis indude 2704, Syffiate Rover Sediment; 270i0 Sam)

gt S©3. These SRMs esnteED §®S air §©dim<ginii! from @d!yg!l §JH@3 ts l ! s 1
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instrument blank should also be analyzed whenever contamination is suspected by the anatyst.
The frequency of analysis will vary with the data quality objectives of the project. A
manufacturer-recommended count time per source should be used for the blank analysis. N@
element concentrations above the method detection limits should foe found in the. instrument
blank. If concentrations exceed these limits, then the probe window and the check sample
should be checked for contamination. If contamination is not a problem, then the instrument
must be "zeroed" by following the manufacturer's instructions.

i .3.2 A method blank is used to monitor for laboratory-induced contaminants or
interferences. The method blank can be "clean" silica sand or lithium carbonate that
undergoes the same preparation procedure as the samples. A method blank must be snalped
at least dairy. The frequency of analysis will depend on the data quality objectives <a@ fie
project Ts be acceptable, a method blank must not contain any anatyte at a sorcentretfon
above its method detection limit If an anaryte's concentration exceeds its method detection
Emit, the cause of the problem must be identified, and ell samples analyzed with the method

must be reanalyzed. •

9.4 Calibration Verification Checks: A calibration verification check sample Is -used to
the accuracy of She instrument and to assess the stability and consistency of the analysis '
anarytes of interest A check sample should be analyzed at the beginning ©f each working
during active sample analyses, and at the end of each working day. The frequency ©f eafibratfoo
checks during active analysis will depend on the data quality objectives of the 'project The dheek
sample should be @ well characterized soil sample from the site that is representative of site sampSes
In terms ©f partide size and degree of homogeneity and that contains contaminants eft
concentrations near the action levels, if 8 site-specific sample is not available, then an NIST ©r ©fiher
SRM that contains the analytes of interest can be used to verify the accuracy cf the instrument TO©
measured value for each target anaryte should be within ±20 percent (%D) of the true value for tuie
calibration verification check to be acceptable. Km measured value falls outside this range, then tliie
check ssmpfe should be reanalyzed. If the value continues to fall outbids the acceptance range, the
instrument should be recalibrated, and the batctroJf samples anaryz@d.b@f©ro-the unaeeeptebJe
calibration verification check must bo reanalyzed.

i.'S Praeision Measurements: The precision of the method 5s monitored by analyzing a
sample with low, moderate, or high concentrations of target analytes. The frequency off precision
measurements will depend on the data quality objectives for the data. A minimum of on© pnetisioin)
sample should be nm per day. Each precision sample should be analyzed 7 times In replicate, (If!
is recommended that precision measurements be obtained for samples with varying eo.Q£ejatrata
ranges to assess the effect of concentration on method precision. Determining method precision
for analytes sit concentrations near the site action levels can be extremely important if fflhie FPXRF
results are t© be used in an enforcement action; therefore, selection ef at Beast one sempte with
target anaryte concentrations afi or near the site action levels or levels of coneerm !s recommended.
A precisiosD sample 5s analyzed by the instrument for the same field analysis ftime as used for othor
project sampCes. The relative standard deviation (RSD) of the sampls mean os used to assess
method precision, for FPXRF data to be considered adequately precise, the RSD
greater than 2D percent with the exception of chromium. RSD values for chromium
greater than 30 percent.

The equation for calculating RSD is as follows:

RSD = (SD/Mean Concentration) x 100
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10.0 CALIBRATION AND STANDARDIZATION

10.1 Instrument Calibration: Instrument calibration procedures vary among FPXRF
instalments. Users of this method should follow the calibration procedures outlined in the operator's
manual for each- specific FPXRF instalment. Generally, however, thren types ©f calibration
procedures exist for FPXRF instalments: FP calibration, empirical calibration, and the Gompton peak
ratio or normalization method. These three types of calibration are discussed below.

10.2 Funcsmental Parameters Calibration: FP calibration procedures are extremely variable.
An FP calibration provides the analyst with a "standardless" calibration. The advantages of FP
calibrations over empirical calibrations include the following:

° EM© previously collected sHo-spetifie .samples are required1, although
site-specific samples with confirmed and validated analytical (results for all
elements present could be used. '

° Cosd is reduced because fewer confirmatory laboratory results or calibrate
standards are required.

However, the analyst should be aware of the limitations imposed on FP calibration (by pastlds
size and matrix effects. These limitations can be minimized by adhering to the ppeperataofi
procedure described in Section 7.2. The two FP calibration processes discussed below ore based
on an effective energy FP routine and a back scatter with FP (BFP) routine). Each FPXRF FP
calibration process is based on a different iterative algorithmic method. The calibration proescto©
for each routine is explained in detail in the manufacturer's user manual for eaera FPXRF tnstrumeind;
in addition), training courses are offered foe each instalment

10.2.1 Effective 'Energy FP -Calibration: The effective 'energy FP eaSibrata Is
performed by tha manufacturer before an instrument is sent to the analyst Adthough SSOS
can be used, the calibration relies on pure element standards or SRMs sueh as those ©biased
from WIST for the FP calibration. The effective energy routine relies @&V the spectrometer
raspons® Jo pure elements and FP iterative algorithms tb compensate for various metres

^^ •

Alpha coefficients are calculated using a variation of the Sherman equgfcini, which
calculates theoreiical intensities from the measurement of pure element! samples. TThes©'
coefficients indicate the quantitative effect of each matrix element! on an anaryte'rmessyred
x°ray intensity. Next, tha Lachance Traill algorithm is. solved as @ set of slmuttaneeus
equations based on the theoretical intensities. The alpha coefficients are then d@wrt!oed®dl
into the spedfie instalment

The working effective energy FP calibration curve must be verified before samplQ
analysis begins on each working day, after every 20 samples are analyzed, and at She end off
sampling. This verification is performed by analyzing either an MIST SRSvl ©r an SSOS that is
representative of the she-specific samples. This SRM or SSCS serves as § calibrate chedc,
A manufacturer-recommended count time per source should.be used for the calibration eheek.
The analyst must then adjust the y-intercept and slope of the calibration! eurve to b©§8 fit the
known concentrations of target analytes in the SRM or SSCS.

A percent difference (%D) is then calculated for each target analyte. The %0 should
be within ±20 percent of the certified value for each anatyte. If the %D falls outside Shis
acceptance range, then the calibraiiorrcurve should be adjusted by varying the slope of the
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line or the y-intercept value for the analyle. The SRM or SSCS is reanalyzed until ths- %D ;
within ±20 percent. The group of 20 samples analyzed before an out-of-conirol calibration
check should be reanalyzed. • .

The equation to calibrate %D is ss

where:
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by adding metal oxides to a "clean" sand or silicon dioxide matrix that simulates soil. Metal oxides
can be purchased from various chemical vendors. If standards are made on site, s balance capable
of weighing items to at least two decimal places is required. Concentrated ICP ©r AA standard
solutions can also be used to make standards. These solutions are available in concentrations o?
10,000 parts per million, thus only small volumes have to be added to the soil.

. An empirical calibration using SSCS involves analysis of SSCS by the FPXRF instrument and
by a conventional analytical method such as !CP or AA. A total acid digestion procedure-should be
used by the laboratory for sample preparation. Generally, a minimum of 10 and e maximum of 30
well characterized SSCS, site-typical standards, or prepared metal oxide standards are required to
perform an adequate empirical calibration. The number of required standards depends on the
number of ana/ytes of Interest and interfering elements. Theoretically, an empirical calibration wrtft
SSCS should provide the most accurate data for a site because the calibration compensates fer site-
specific matrix effects.

• Tlhe firsfl step in an empirical calibration is to analyze the pure eUemanf standee,
elements ef interest This enables the instrument to set channel limits for each) element
deconvoluiioa Next the SSCS, site-typica! standards, or prepared metal oxide stendastis ore
analyzed using s count time of 200 seconds per source or s count time recommended fey the
manufacturer. This will produce a spectrum and net intensity of each analytic m each standard, The
analyte concentrations for each standard are then entered into the instrument software; these
concentrations are those obtained from the laboratory, the certified results, or the gravimetrieaiiy
determined concentrations of the prepared standards. This gives the instrument analyt® values to
regress against corresponding intensities during the modeling stage. Th© regression equators
correlates (the concentrations of an analyte with its net intensity.

. Jhe calibration equation is developed using a Beast squares fit regression analysis. After the
regression terms to'be used in the equation are defined, a mathematics! eq^atten can &® developed
to calculate th® analyte concentration on-an unknown sample. In some FPXRF instruments, flhe
software of th© instrument calculates the regression equaiioju.' The software Uses ga'Seuiatodl
intercept and slope values to form a multiterm equation. Sn conjunction with the software In fifa©
instrument, the operator can adjust the multiterm equation to minimise intereloment inigsfereiraees
and optimize, th® intensity calibration curve.

It is possible to define up to six linear or nonlinear terms in the regression equation. Terms ean
be added and deleted to optimize the equation. The goal is to produce an equation with Ufa© smsdlosS
regression error and the highest correlation coefficient These values are.sutomaticaljy ©pmputed
by the software as the regression terms are added, deleted, @r modified. It is also possible to delete
data points from the regression line if these points are significant outliers or if they am lh@av%
weighing the data. Once the regression equation has been selected for an analyse, the equation eara-
be entered onto the software for quantitation of anarytes in subsequent samples, For stra ©mpirfecd
calibration to be acceptable, the regression equation for a specific analyte should hav@ s earreSeiiae
coefficient of 0.98 or greater or meed the DQOs of the project

to an empirical calibration, one must apply the DQOs of the project and ascertain @Htie§iS or
action levels for th® anarytes of interest It is within these concentration (ranges er summd ftheso
action levels that the FPXRF instrument should be calibrated most accurately. lH may nott be possible
to develop a good regression equation over several orders of analyte concentration).
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10.4 Compion Normalization Method: The Compion
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11.4 For intrusive analysis of surface or sediment, it is recommended that & sample b@
collected from a 4- by 4-inch square that is 1 inch deep. This will produce a soil sample of
approximately 375 grams or 250 cm3, which is enough soil to fill an 8-ounce jar. The sample should
be homogenized, dried, and ground before analysis. The sample can be homogenized before eir
after drying. The homogenization technique to be used after drying is discussed in Section 4.2. Of
the sample is homogenized before drying, it should be thoroughly mixed on a beaker or similar
container, or if the sample is moist and has a high clay content, it can be kneaded in a plastic bag.
One way to monitor homogenization when the sample is kneaded in a plastic bag is to add sodium
fluorescein dye to the sample. After the moist sample has been homogenized, ft is examined under
an ultraviolet light to assess the distribution of sodium fluorescein throughout the sample. Iff the
fluorescent dye is evenly distributed in the sample, homogenization is considered complete; fJtfie
dye is not evenly distributed, mixing should continue until the sample has been thoroughly
homogenized. During the study conducted to provide data for this method, the homogenizEtfon
procedure using the fluorescein dye required 3 to 5 minutes per sample,, As demonstrated in .
Sections 13 J and 13.7, homogenization has the greatest impact on the reduction sf sampling
variability. Kt produces little or no contamination. Often, H can be used without the more labor
Intensive steps of drying, grinding, and sieving given in Sections 11.5 @red 11.6. ©? soursc0 3©
achieve the best data quality possible all four steps must be followed.

11S Once the soil or sediment sample has been homogenized), it stieuCd be dried Tills ears
be accomplished with a toaster oven or convection oven. A small aliquot ©ff the sample (29 to SO
grams) is placed In a suitable container for drying. The sample should be driod for 2 to 4 hours In
the convection or toaster oven at @ temperature not greater than 150°C. Microwave drying is net
a recommended procedure. Feeld studies have shown that microwave drying can increase variebfliy
between the FPXRF data and confirmatory analysis. High levels of metals In a sample ears eaus©
arcing in the microwave oven, and sometimes stag forms in the sample. Mierowave overs drying ears
also rneit plastic containers used t© hoCd the sample.

1DJ Hhe homogenized dried sample material should be ground with e mortar arid pests© end
passed Shmuglh a SO-mesh sieve t© achiev© a uniform particle see.
continue until all {east 90 percent of the original sample passes through the sieve. The
normally takes an average of 10 minutes per sample. An aliquot of th@ sieved sample
be placed in a 31.0-mm polyethylene sample cup (or equivalent) for analysis. The §smp8©
should b@ one-half to three-quarters full at a minimum. The sample cup should be covered'
2.5 urn (Viylar (or equivalent) film for analysis. The resJ of the soil sample should be plaeed if
labeled, and archived for possible confirmation analysis. All equipment including the msrtair,
and sieves must be thoroughly cleaned so that any cross-contamination i§ bellow the ^QLs <s
procedure er DQOs of the analysis.

12.0 DATA ANALYSIS AND CALGULAT8OWS

Most FPXRF instruments have software capable of storing all analytical results and.speeim, Tte
results are displayed in parts per million and can be downloaded to a PC, whieh can provide e
copy printout Individual measurements that are smaller than three times their associated SO:
riot be used for quantisation.

13.0 METHOD PERFORMANCE

13.1 This section discusses four performance factors, field-based method detection limits,
precision, accuracy, and comparability to EPA-approved methods. The numbers presented «
Tables 4 through 9 were generated from data obtained from six FPXRF instruments. Tra© soil
samples analyzed by the six FPXRF instruments were collected from two sites in the United Stetei.
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The soil samples contained several of the target analytes at concentrations ranging from
to Jens of thousands of mg/kg.

H3.2 Hhe SK FPXRF instruments indudsd the TN iOSO and TN Lead
by TM Spsefcae®; the X-MET 920 with a SiU detector and X-MET 920 wSh a ga
deSo^Qf manufeefered by ft/tetorex, Joe.; the XL SpeetRjm Ansilper manufeetared
1MAP Spsetojim) Anslipeir manyfaetumd by Sdtee. Th@ TO iOQO amid TN
o !H1@8S <sl@fiQ(g8@r. Tihig TW 9000 ytfeed an Fo-SB, Od-DOi, and Am-24H g@«m Tto TK! load

had! 95% a (Sd?H®i s@nf©s. He X4M 920 wts the SU d@8e^©ir had) a ©4=H

Qini^la©^»'il©i8®iif©@.ufflfee l̂ a s@Ci!̂ °8l!s(le§i!ie@ifii

o TlD9 TM S0@© ainid TO Le

Bile-spsdfe o©9 8te(ni(ela!Ae!o<,
iMDST

W snd 2© w@ffl
XL S

was ( ^ s s erapos
msod 112©

fer (gaCSsafein and
feas

j'o lh)9 ©s

^l fa TQ&CQ 40 Tte wstts eeimniiiUQ y ©g
©orueiinitefeinis 1 60.S feoc te

a
4r © ( g s 8 © sinisss

the

by ysrng She e©«ft fees
)gf f i
h©l
tee

fte8d-lb§§@d meiltod
eadisir So HWs seeJi®^. Ml
tot! fed Ibsoffi dned and

ir., This J

weir® QnCy found
SimSts could

at high
be eaJeulated
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sample cup. Therefore, there were 48 precision data points for five of the instruments snd 24
precision points for the MAP Spectrum Analyzer. The replicate measurements were taken using the
source count times discussed at the beginning of this section.

For each detectable analyte in each precision sample a mean eoncentratiosn,
deviation, and RSD was calculated for each analyte. The data presented in Table 5 5s an average
RSD for She precision samples that had analyte concentrations at 5 to 10 times the MDL for that
analyte for each instrument. Some analytes such as mercury, selenium, silver, and thonum were
noi detected in any of the precision samples so these anaJytes are not listsd in Table's, Some
analytes such as cadmium, nickel, and tin were only detected at concentrations near the MDLs &®
that an RSD value calculated at 5 to 10 times the MDL was not possible.

©ne FPXRF instrument collected replicate measurements on en additional nine sell samples
to provide a better assessment of the effect of sample preparation on precision. Table 6 shows
these results. The additional nine soil samples were comprised of three from each texture end had
analyte concentrations ranging from near the detection limit of the FPXRF analyzer to thsusartcfls of
mg/kg. The FPXRF analyzer only collected replicate measurements from thrae of the py«paratfofi
methods; TO measurements were collected from the in situ homogenized samples. The FP2CRF
analyzer conducted five replicate measurements of the in situ field samples by taking measurements
at five different points within the 4-inch by 4-inch sample square. Ten replicate measurements were
collected for both the intrusive undried and unground and tntrusiva dried end ground samples
contained Sin cups. The cups were shaken between each replicate measurement -

Table @ shows that the precision dramatically improved from the In situ t®
measurements.. 8n general there was a slight improvement in precision when the sample was dded
and ground Two factors caused the precision for the in situ.measurements to bo poorer, Tte rna|9r
factor is soil heterogeneity. By moving the probe within the 4-inch by 4-inch square, measurements
of different! soil samples were actually taking place within the square. TeWe @ iusfraies flh©
dominant effeeS of soil heterogeneity. 8S overwhelmed instrument predsiom whera «h® FPXRF
analyzer WES used in this mode. The second factor that caused the RSD values, to be higher (forte
in situ measurements Is the fact that only five versus ten replicates were taken. A Sesseir i
of measurements caused the standard deviation to be larger which in turn eievated the RSD

.13.6 Accuracy Measurements: Five of She FPXRF instruments (not including tho Î AP
Spectrum Analyzer) analyzed 18 SRMs using the source count times and calibration methods given
at the beginning of this section. The 18 SRMs included 9 soil SRMs, 4 stream @r nVeir sedimanS
SRMs, 2 slydge SRMs, and 3 ash SRMs. Each of She SRMs contained known eonesatsitfens ef
certain target analytes. A percent recovesy was calculated for each anaryt® in each SRM for ©eeh
FPXRF instrument Table 7 presents a summary of this date. With the exception of eadmSum,
chromium, md nickel, the values presented In Table 7 were generated from the 13 soil and
SRMs onty. Th@ 2 sludge and 3 ash SRMs were included for cadmium, ehromium0

because of tie low or nondetectable concentrations of these three analytes (in the soil end sedimenfi
SRM§.

OnSy 12 anafytes are presented in Table 7. These ar© the analyses that are
concern and provided a significant number of detections in the SRMs for an accuracy assessment
No data is presented for the X-MET 920 with the gas-filled proportional detector.
instrument was calibrated empirically using site-specific soil samples. The percent recoven/
from this instrument were very sporadic and the data did not lend itself to presentation m Tab8© 7.

Tabls 8 provides a more detailed summary of accuracy data for one FPXRF ins«rym©im(! (TN
9000) for th@ 9 soil SRMs and 4 sediment SRMs. Table 8 shows the certified vadue, measured
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value, and percent recovery for five snalyJas. Thes© snalylss were ehoseim beesus© they are
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Homogenization requires 3 to 5 minutes. Drying the sample requires one to two hours. Grinding and
sieving requires another 10 to 15 minutes per sample. Lastly, when grinding and sieving J§
conducted, time must be allotted to decontaminate the mortars, pestles, and sieves. Drying and
grinding the samples and decontamination procedures will often dictate that an extra person be en
site so that the analyst can keep up with the sample collection crew. The cost of requiring an extra
person on site to prepare samples must be balanced with the gain in data quality and sample
throughput

13.3 The following documents may provide additional guidance and insight O
and technique:

13.8.1 Hewitt, A.D. 1994. "Screening for Mstals %
Spectrometry/Response Factor/Compton Kg Peak Normalization Analysis.
Environmental Laboratory. Pages 24-32.

H3.S.2 Piorek, S., and J.R. Pasmore. 1993. "Standardise, In Sift
Metallic Contaminants in the Natural Environment With ® PC-Based, High Resoiute Portable
X-Rsy Analyzer.0 Third International Symposium on Field Screening Methods;
Waste and Toxie Chemicals. Las Vegas, Nevada. February 24-26, 1ii3.

14.0 POLLUT8OM PREVENTION

H4.1I Pollution prevention encompasses any technique that reduces or eCiminates the quantity
and/or toxidfy of waste at the point of generation. Numerous opportunities for pollution prevention
exist in laboratory operation. The EPA has established a preferred hierarchy of environmental
management techniques that places pollution prevention as the management option of first ehoisa
Whenever feasible, laboratory personnel should use pollution prevention techniques to address thesr
waste generation. When wastes cannot be feasibly reduced at the source, the Agency reeommends
recycling as the next best option.

14.2 For information about pollution prevention that may be applicable to laboratories sod
research institutions consult Less is Better Laboratory Chemical management for W@st@ Reduction
available from the American Chemical Society's Department of Government Relations and Sdene®
Policy, 1155 16th Street N.W., Washington D.C. 20036, (202) 872-4477.

15.0 WASTE yANAGEMENT . . _ _ '

The Environmental Protection Agency requires that laboratory waste management pradie@@
be conducted consistent with all applicable rules and regulations. Th@ Agersq/.urges Baboratoinos
to protect the sir, water, and land by minimizing and controlling all releases from hoods &nd
operations, eompiying with the letter and spirit of any sewer discharge permits and regulations,
by complying with all solid and hazardous waste regulations, particularly fjQ hazardoys waste
identification rules and land disposal restrictions. For further information ©n waste mgnsgement,
consult The Wast® Management Manual for Laboratory Personnel available from the American
Chemical Society at the address listed in See. 14.2.

16.0 REFERENCES

1. Metorex X-MET 920 User's Manual.
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2. Spectrace Instruments. 1994. Energy Dispersive X-ray Fluorescence Speciromeiry: An
Introduction.

3. TW Speetanee. Spsetrace 9000 Field PorJable/BenchSop XRF Training m& AppMesfoinis . (f>
n n o "

4. Unpublishod SUTii date, racievsd from PRO Envir©snm©rt
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TABLE 1
INTERFERENCE FREE DETECTION LIMITS

|) Analyte

| Antimony (Sb)

| Arsenic (As)

|| Barium (Be)

| Cadmium (Cd)

I Calcium (Ca)

| Chromium (Cr)

I Cobalt (Co)

I Copper (Cu)

|| Iron (Fe)

Lead (Pb)

| Manganese (Mn)

j Mercury (Hg)

I Molybdenum (Mo)

9 Nickel (Nil

] Potassium (K)

1 Rubidium (Rb)

f Selenium (Se)

[ Silver (Ag)

j Strontium (Sr)

Thallium (TJ)

Thorium (Th)

Ti(T8(Sn)

Titanium (To)

\ Vanadium (V)

Zine(Zn)

Zirconium (Zr)

| Chemical 1 Detection Limit in
Abstract Quartz Send

| Series Number J (milligrams per kilogram)

7440-36-0 4©

7440-38-0 4©

7440-39-3 j Xf

7440-43-9 " 1 0 0

7440-70-2 I ' 70

. I 7440-47-3 | . 150

7440-48-4 . m

7440-50-8 59

7439-89-6 ' 60

'( 7439-92-1 j 2©

7439-96-5 7©

I- 7439-97-® (] 3®

7439-93-7 | • 1©

7440-02-®

I - 7440-09-7

j 7440-17-7

7782-49-2

. 7440-22-4

7440-24-6

7440-28-0

7440-29-1

7440-31-S.

7440-32-6

7440-62-2

7440-66-6

7440-67=7

5©

20©

1®

4® '

7©

10

'2©

10

m
so
50

30

1®

Sours©: References 1, 2, and 3
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TABLE 2
SUMMARY OF RADIO1SOTOPE SOURCE CHARACTERJSTDSi

ExelSaflion Energy

K UtniQS
L

1.4

H4J I ft©

(UkMfannl L OtfOOO

L0Q(al . (L Uln)@8

TOUi §©HM(

L I

117,4 • CtUlfJQS

22.1
L

Tin)© sample e!@ra@rt§ eKdfied §P3 eha;
ifi sibsofpfein

©dg@§ used tor L lines). K=fo®j@

recycled paoer
recycled paper
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TABLE 4
FIELD-BASED METHOD DETECTION LIMITS (mg/kg)0

instrument

9000
TN Lead
Analyzer

X-MET 920
(SiU

Detector)

X-MET 920
(Gas-Riled
Detector)

Spectrum
Anaiyzer

Spectrum
.Aparyzer

Antimony $5 NR

Arsenle 60 50 55

Barium 60 NR 30 400 NR

Chromium 200 210 900

CobsH 330 NR

Copper 100 125

Lead

Manganese j 240 NR

Molybdenum

NickeO

Rubidium

Strontium NR

Tin

Zirae

Zirconium

Sourc@:

0 MDLs are related to the iota! number ©? eounis takem. See Sedion'13.3 for eeuHdlimes
tissd to generate this table.

NA Npi applicable; anaJyte was reported but was not at high enough coneentratioras
detection Simtt is be determined.
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TABLE 6
PRECISION AS AFFECTED BY SAMPLE PREPARATION

1 Anaiyie

|] Antimony

1 Arsenie

jf Barium

I Cadmium0

H Calcium

| Chromium

iCobatd

| Copper

I Ironi

i Lead

| Manganese

Average Relative Standard Deviation for Each Preparation Method j

In Situ-Field

30.1

I 22.5

I 17.3

41.2

17.S

I 17.6

28.4 -

26.4

[ 10.3

I - 2S.1

I 40.S

jj Mercury j . ND

| Molybdenum

JNlckeP

j • 21.6

j 29J

Potassium • 1 18.6

Rubidium

Selenium

Stives*

| Strontiym

j Thallium

j Thorium

(Tin

Titanium

Vanadium

Zine

Zirconium

| 29.8

j ND

I ' 3*3-® |

I 15J I

j 39.0

I
lntrusive-

Undried and Unground

15.0

5.36

3.38

30.fi

1.68

' 28J

31.1

I • 10^

j . 1.67

8.5S

Intrusive- 1
Dried and Ground [

14.4 '

• 3.76

2.90 ' :
^3*88 l̂
<SOo^

1J4 I

2HJ 'I

28.4 1

JM .. |

H.i7

| dJS

.12^ I 13.0

.ND . j .NO

20.1 | fliJ

20.4 '

. 3.04 _

16̂

20.2

31.0'

3.38

16.0

m • MR
ND 14.1

13.3

NR

26.6

20.2

4.16

MR

13.3 .

S.63

n%

%M

. 18.9

H9.S

. 2&2

3.98

19.S •

MR

1S.3

a -̂r
MK

111

5.18

0 These values may be biased high because Jhe concentration of these analyses in She
samples wag near the detection limit

NR NoS reported.
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t ACCURACY FOR TM 9066°

Standard
Refsranc®
Material

RTC CRM-Q21

RTC CRM-020

BCRCRM143R

IBCRCRM141

USGS GXR-2

USGS GXR-6

NIST2711

I
NIST2710-

NIST 2709

NIST2704

CNRC PACS-1

SARM-51

SARM-S2

Arsenic

Csri
Cone.

24.8

397

—

—

25.0

330

105

826

17.7

23.4

211

—
_

W?®si§.
Cone.

ND

429

—

—

ND

294

104

722

ND

ND

143

=>
_

%fR<a@.

NA

82.5

—
_

NA

3.8.©

99.3

115.4

NA

m
87.7

•=

~

Barium

Cert. I Mess.
Cone. 1 Cone.

S8@ 11 135

22.3 ND

=. _

I
2240

• "8300

726

707

988

414

2946

2581

801

782

I 950

j 443

~1 772

335

410

468

Î S7

%R®e. .

183.S

MA

— '

• c=

131.5

198.5

110.3

110.6

98.1

107.0

NA

139.1

128.S

Copper

eert
C0lTJ@.

4791

• 753

131

32.6

78.0

66.0

114

2950

34^

98.6

452

. 26«

219

Me@s.
Goinie."

2908

§83

105

ND

108

•NO

ND

2834

ND

105

302

• 373

193

%Rae.

80.7

' 77.4

30.5

NA

140.2

NA

NA

98.1

NA

1082

68.9

1392

88.1

Lead

Cart. '
Cone.

144742

§195

180

29.4

690

101

1162

S532

18.9

161

404

5200

1200

Meas.
Qone.

14994?

3444

206

ND

742

80.9

1172

§420

N?

167

332

7199

1107

%Rae.

103.6

66.3

114.8

NA

107.8

80.1

100.9

98.3

NA

103.5

82.3

138.4

922

Zinc

Cert.
Cono.

S46

3022

1055

81.3

530

118

350

3952

106

438

824

2200

264

Meas.
Cone.

224

3916

1043

ND

596

ND

333

6478

98.5

427

611

2676

215

£Rac.

40.9

129.6

99.0

NA

112.4

NA

94.9

93.2

93.0

97.4

74.2

121.6

81.4

Source: Referene® 4

.' Pereeni
ND Not detected.
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1.0 INTRODUCTION

X-ray fluorescence (XRF) has proven itself to be a cost-effective and time-saving technique for metals
screening and analysis on environmental sites; The Removal Program within Superfund has especially benefitted
from XRF because of its ability to provide immediate information on contaminants, and its low per-unit cost of
analysis. Contaminant assessment error is reduced by increasing sampling density rathe? than increasing the
precision of the analytical method. One of the greatest advantages to XRF field screening is its absJiHy-So direct
on-going removal activities, which reduces costly manpower/equipment down-time and more accurately defines the
area of contamination.

This document outlines recommended and required procedures and equipment for representative collection
and/or analysis of samples for XRF field screening.

2J METHOD SUMMARY

XRF field screening situations vary widely and therefore no universal analytical procedure can bs
recommended. Likewise, XRF instruments vary in technology and capability. The Sampling Plan/ Quality
Assurance Project Plan should address these variables based on site characteristics and required data quality
objectives.

In general, a non-fundamental parameters instrument is calibrated with site-specific samples of toiowa
concentrations (EPA CLP analysis or equivalent). If a fundamental parameters instrument is used, matrix-specific
conditions are optimized. Following calibration or optimization, the sample is collected and prepared. Sample
preparation of in-situ analysis niay only consist of removing surface debris and placing the probe on the surface to
be analyzed. However, if more precision is required to address the site data quality objectives, samples may need to
be sieved, dried, crushed, and placed into x-ray cells prior to analysis.

Samples are then analyzed by exposing the matrix to the selected source for no Jess than 30 seconds. The
instrument displays the concentration of the selected elements in the units in which they were calibrated. Depending
on the application and data quality objectives, a variety of quality assurance measures are taken to ensure data
validity. Additionally, a portion of the samples are sent to a laboratory or analyzed by a second fundamental
parameters instrument for confirmation of results.

3J INSTRUMENT CALI.V RATION

3.1 Site-Specific Empirical Calibration

The following instrument calibration criteria apply to non-fundamental parameters instruments incoipojatiBig
empirical calibrations. The instrument should be calibrated according to vendor specifications, and ths foJlowimg
considerations.

o Pure elements should be re-analyzed prior to each calibration.
D A minimum of 10 site-specific samples must be used for the calibration.
D The sample concentrations of site-specific samples used for the calibration should range the

concentrations or interest. Several samples from the calibration suite should be ai or near the decisive
action level.

D The gain channel should be monitored and recorded during the initial calibration.
D Field in-situ analysis time versus the measurement time used during initial calibration is not considered

critical and may vary depending on the application.
D A minimum r2 value of 0.70 is required for an acceptable initial calibration. No criteria are established

for deleting points from ihe initial calibration. The benefit of maximizing the r2 value versus the
detriment of reducing calibration population and eliminating some potential real matrix effects must be
weighed.

1



3.2 Fundamental Parameters Performance Check

The performance of a fundamental parameters software-driven instrument will be monitored by analyzing a
National Institute of Standards and Technology (N1ST) primary standard. Available standards include Standard
Reference Material (SRM) 2709,2710, and 2711 (low, medium, and high concentration metal concentrations in
environmental samples matrix). SRMs of similar concentrations to the samples wi!l be analyzed prior to analysis,
and during sample analysis at a frequency of at least every ten samples. Acceptable results will be wffiro ± 20% of
the certified values.

A site-specific sample characterized to at least 99.5% elemental constituency by a high-resolution (less than
JCO KeV MSB Ka) fundamental parameters instrument is an acceptable substitute for MST SRMs, provided that the
concentrations of the nnalytes of interest are near the area of interest or actions level.

4J SAMPLE FR.EPARAT.TON

Because of the impromptu and diverse nature of work performed by the Removal Program, every effort has
been smds to preserve the project manager's freedom to vary the degree of sample preparation 80 meet psstsoater site
specific data quality objectives or time/budget constraints. It should be noted that XRF field sciresiuMg resales cm
be dramatically improved if samples are dried, sieved, and crushed prior to analysis. No matter 8feg degree of
sample preparation, the samples from the site should be analyzed in the same manner as she samples analyzed
during She empirical calibration.

4.8 Mandatory Sample Preparation Measures:

o Interfering surface- debris will be removed for isi-sta XRF msasuremsmts.
o A minimum measurement tints of 30 seconds will be rased.
D A single thickness plastic bag should be used as a prosective layer bsJwosm profes assdl sample for m-

situ measurements. Instrument calibration should be performed with the same manesrisl between the

D Samples used for confirmation will be collected and homogenized as a minimum prior do XRF aitd
laboratory analysis.

4.2 Optional Sample Preparation Measures:

D A minimum of tlvee measurements should be taken and averaged for every grid point or measuremsmt
node to minimize error caused by microheterogeneity (nugget effect). „_ ^

D Microwave dryinc of samples is acceptable (excluding mercury analysis).
D . Sample preparation with a JO-mesh sieve will provide more precise restate, bias is lefi! Co te disoreSicai

of the analyst. Sieving samples must be consistent with tte calibration.
o The prepared ponion of the sample analyzed by XRF should be sent for laboratory confirmation! to

reduce the effects of microheterogenssty.

iJ QHJALETY ASSURANCE

5.1 Quality Assurancr Requirements (EPA 540-R-93-071, Data Quality Objective Process for Superfund)

Screening Data (Definitive Data Without Error and Bias Determination) objectives are met by XRF analysis if
either fundamental parameters modeling is used, or if the Ka and Kp* peak, or the LK and LJ3 peaks are positively
identified for the element in question. Ten percent of the samples must be sent for independent laboratory
confirmation to meet Definitive Data criteria. On larger sites, once calibration confirmation has been established,
the number of samples sent for confirmation may taper off to 5%.

Definitive Data criteria ;ire met if in addition to meeting the Definitive Data objectives, error analysis is
determined per matrix by analyzing S samples in replicate, and variance is calculated.



5.2 PARCC Parameter Criteria

D Provision will be established by measuring an action-level concentration standard and a low
concentration standard ;ii a frequency of 10% of all field measurements. An acceptable level of ±20%
Relative Percent Difference (RPD) from the XRF value after initial calibration (not laboratory assay
vali e) \v;is established. It this control l imi t is exceeded, all samples from the last acceptable
measurement musr be reanalyzed. The low concentration sample would be used to establish the
detection limit and the analytical quantitation limit as defined by 3 times the standard deviation of this
measurement.

o Accuracy will initially be established by sending high, medium and low concentration field samples
for verification analysis. Following this initial accuracy check, calibration accuracy will be monitored
by sending 10% of the project samples for laboratory confirmation.

D Representativeness will heavily depend on project-specific data quality objectives and will not be
monitored directly. It should be noted in the project-specific quality assurance plan that
representativeness can be increased by reducing the geostatistical error associated witlisample point
density.

D Comparable data will be generated if the continuing calibration results are within £20% RPD. It is
critical to note that XRF results will be comparable to the method used in assaying the initial
calibration samples. For most purposes, samples will be analyzed by atomic absorption spsctroscopy
or inductively coupled plasma emission spectroscopy following the EPA 3050 nitric acid/peroxide
digestion, and the results by XRF are more representative of the digestion procedure than fthe £CJusJ
analytical method.

D Co"!.;.v!?teness v:'! be established by a simple percentage of the number of measurements Jaken
compared to the number of measurements planned.

5.3 Replicate Sample Analysis

Eight replicates of one sample are to be collected and analyzed whenever error determination is required. No
duplicate sample analysis (2 replicates) is required.

5.4 Performance Evaluation Samples

Performance Evaluation • PE) sample analysis is appropriate for fundamental parameter instrumentation.
However, because empirical calibration models are highly matrix dependent, PE sample analysis is not suggested.

6J DATA VALIDATION

Throughout sample analysis, a mid-range or action level concentration standard will be analyzed sS &
frequency of 10%. This analysis will serve as a continuing calibration check and results must be within £20% of
the true sample value, as determined by the appropriate EPA CLP-style analysis. If sample results from this
analysis lie outside the +20% control l imit, all samples from the last successful continuing calibration check must be
re-analyzed folli^vin:: ad ju s tmen t of the appropriate instrument parameters.

In addi t ion. ;> low conce;,'ration standard will be analyzed at the same frequency. From the standard deviation
of this measurement, [he deteciion l imi t and analytical quantitation limit will be calculated as defined by 3 times the
standard deviation of this low concentration standard.



Following rlie field project, a follow-up data summary report will be written evaluating XRF conformance to
standard operating procedures ;md appropriate quality control criteria. Additionally, from laboratory confirmation
analyses and XRF results, a correlation coefficient wil l be calculated. Data sets above the upper calibration range
may be eliminated due to mode! bias (heteroscidasticity), unless an even distribution is apparent Data pairs below
XRF and analytical detection limit will be left to the discretion of the reviewer. A correlation coefficient of 0.70 or
greater must be obtained for data to be considered acceptable.

7J HEALTH A ND SAFETY

All field-portable XRF units either incorporate radioactive sources, or X-ray tubes. All site-specific UtealJh
and safesy precautions as outlined in the site safety plan must be adhered to when perfomsrag XRF field screening

Js> addition ro site chemical hazards is the consideration of radiological activity of ths soraree(s). A ctment
wipe ness cestifction should accompany the instrument, dated no more than 6 months from fcs cwreraS date. A
real-Jims monitoring instrument should be used periodically to monitor the instrument wish (fag stes&ar dosed to
erasure adequate .shielding. Sir: personnel will not be allowed to operate XRF instrumentation) unless tfoey are
equipped with a o'osimetry mor-itorin:: device (e.g., TLD badge, pocket dosimeter).

Prior do (he removal of the instrument from the hot zone, or from the site, the instrument should be thoroughly
decontaminated with a mild solution of soap and water.

a,® TOTTEOTIAL SOURCES OF EKKOK

The following are recognized sources of error when using XRF for field screening applkaitass. Boms
sojjrees of esror are unavoidable, or may cause error within acceptable limits as established by uBts dato qssaiJy
olbjosttives. Although they will not be discussed in detail, she ajses- should be aware of Jhese ©rrar sosaroes.

D Sample matrix causes the greatest potential for error during analysis,
especially with instruments with high pressure gas proportional detectors
(resolution greater than 800 eV). Causes of error include factors such as
chemical, geomorphology, surface texture, particle size, density (average Z
number), microheterogeneity, and moisture content.

Q Hij-'li energy sources and radio frequency generators may cause software and
deieaor inteifere:;ces. Interfering sources may include site radios and video — —
monitor.-;.

Q Certain unavoidable site characteristics are inherent for error in XRF analysis
such as panicle size, temperature, humidity, and geomorphology.

D Chemical interferences may lead to increased error especially with
proportional gas detectors. More common chemical interference may include
Pb and As. Fe with Cr and Ni, Pb with Bi and Rb.

o Instrumental factors may lead to error such as battery loss, gain control, drift,
and temperature fluctuations.
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NITON
NITON Corporation

XL-309

User's Guide Version 5.0 (HTML) Chapter
Copyright 1993,1994,1995,199691997 NITON Corporation

AH Rights Reserved!

ting your
NITON XL-309 and 700 Series Spectrum Analyzers are hand-held, portable XRF detectors, designed
to make fast, accurate measurements. The XL-309 measures concentrations of lead, while 7dMD Series
instruments measure concentrations of many different elements simultaneously. NTTOfijnstruments
measure the precision of each reading, store up to 3,000 readings with complete x-ray spectra, and
download data quickly to a PC.

NITON designed the radioactive source and shielding of our analyzers with one guiding principle in
mind: properly used, these will not expose the NITON user to levels of radiation significantly above
natural background levels.

Notes The
depend OB
testing.

and precision off the data you collect with your NITON XRF wall large
familiarity with the instrument and your knowledge of the media ymn are

Our free factory training is designed to give you the basic tools to use our instruments. This User
Guide supplements our training. You can use it as both a quick reference and a detailed operating

\ manual for any of our XRF analyzers.

Kiftrv/Ai/u/u; nitnn rrtm/rk'J hfml
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This is your NITON XRF Spectrum Analyzer

Fig. 2.03

Right side view of your NITON,

&trai ssrt &&
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Kg. 2.05

Bad: view of your NITON

NITON Spectrum AmaSyzers operate in

Modes of operation, by mode]

BuJk Mode
701 • No

No
Yes

702-A « Yes

Thin Sample Mode

Yes

Yes
No
No

703 • Yes Yes

703-A ||o Yes

XL-309 ||Q Opt (lead only) |

Yes
Opt (lead only)

Turning om your NITON •=- ~

L Turn ©in the Instrument Depress and slide the On/Off §
on the bottom of the instrument to the on position (Figure
2.04)8 Sometimes the instrument's battery saving features
momentarily delay start up0 If your NITON does mot turn
immediately, turn It off? wait a few seconds, and tarn It ©m
again. Each time the NITON: is turned on? the Mara meiM
appears (Figure 2.0S)0
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tun un <u>nn a-inc aaaOB-fl <mjifla<ca.aa.o vv

Thin Sample modes, leave your NITON on for fifteen minutes
prior to testing. This is not necessary if you are going to test in
any of the Paint Modes. Go to the Setup Menu (Figure .2,07) and
set the oinode you wish to test IIL '

Setup Msrni
Test Soil, Buik Samples
Semp thin Sample Mode

jSS Semp Paj« Mode
Instrument Spccfficaiicn
S^ tines
DJominolt Screea
EXIT to Main M«ra

Fig. 1XH Seajp Mss«

2. Press Clear/Enter to begin self-calibration.

3o When the NITON beeps9 calibration is completeJl X A

now ready to test For instructions on how to take a
measurement, depending on the nature of the media
measoringj turn to one of the following chapters Chapter 3s
Analyzing Bulk Samples; Chapter 4s Analyzing Thin Samples;
or Chapter 5s. Analyzing Lead Paint

Notes Check your Instrument's calibration with testing
standards before and after testing and at least once

SoupMca
Tcu tea. Butt S

%.2.fiS

PKU OcM'tfUtf 10 tniic B

Use Oie Setap Mene (Figure 2808) to check your
to seft ihe date and times to illuminate
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instrument's cadmjum109 source, in millicurles (mO)0

To exit the Instrument Specification screen to the Main Menu9

press the Clear/Enter button

Setting (the time and date on your NITON

NITON sets the date and time (EST) on each instrument before
it is shipped* Reset as needed when changing time zones?

daylight savings time begins and ends? or whenever the time or
date is wrong0

Caution! Check the.Date and Time displayed on the Ready
Test screesio If they are not correct, reset them before takin,
any measurements. Your readings will not be accurate
the date and time are correct

To reset the date and time from the Setup Menu, d© the

L Use the the Arrow buttons to scroll to Set Tim© (Figure 2,

2o Press Clear/Enter to select it The Date and Time

MonUj-Day-Year-How-Minirte-Secomd]

ro
$, tup fcio Soup* M*k

BXITteMoiMcco

fVtn Ctcattnsi t» bri^f.
of &K 4ft Tflcx ccivao.

j 3 1.597 13:3I:«
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Fig. 2JOb &3 Tims screen

The cursor starts at Monmlh and moves to the right. To change the time and date, move from left to
right on she screen. For example, To change the Inmair and

1. Press OosuT/Eimiloir three times to move the cursor to H<ow.

2. Use the Arrew bo Moras to change the hour to the desired hour. Press CBesiir/Emtor.

3. The cursor automatically moves to the next field: MJraMie. Use the Arnnw tatttoims tochange the
minutes to the desired minutes. Press Qeanr/Emter again to move the cursor to Secamd!.

4. Use the Arrow IboflHoMS to change the seconds to the desired seconds. Press Q<Eair/EM(t®ir<,

5. After selecting Secoradls, the Maim Memns screen is again displayed, set to

s If flDB® year BS BmcciirrffiCll, seH cfl iHraflo Us® Clear/Enter to mm<s to flte® yoair jpxDsofiSdDDD auudl dfias
Awow buttons S® sett Uttue year,, Ttosm press Clear/Enter JEW mmoire H5mm®§ amdl §oH tllb®

nib® LCID

In its default mode, your instrument's LCD screen remains back-lit for 15 seconds after any of the
three buttons is pressed. You can light the screen any time the instrument is turned on by pressing any
of the three buttons. When working in a dark place, you also have the option of lighting the screen

%M

Take the following steps to either light the screen continuously, or turn off continuous screen lighting
if it is currently activated:

1. Use the Arrow baiJSoinis to select IlJuminalfi Screeira from the Setitup MSMM (Figure 2,11).

2. Press the Oear/Enier boiUoini to turn continous screen lighting on or off. The instrument will then
return automatically to the Maimi Memnu.
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Overview of test modes
.-—s

^** The Seflisp Menu allows you to choose the pre-programmed test mode best suited for the type of
testing that you will be doing. A full chapter is devoted to each mode later in this User's Guide.

Notes The Setup Menu shows all NITON analyzer modes for all instruments. If you seSecfi a lesft'
mode which is not available on your NITON instrument, a reminder message will be displayed
on the i

Please contact NITON instrument sales at (800) 875-1578 or your local NITON sales representative
to enquire about upgrading your NITON analyzer to add capabilities.

Use the Arrow but Ions to select the mode you wish to test in. Press Clear/Enter Ho select the mode.

The Balk Sample mode

Bulk Sample Mode can be used to measure concentrations of contaminants in any fairly
homogeneous, fine-grained medium such as soil, ground-up paint chips, a liquid or many other kinds
of bulk materials.

To test In Bulk Sample Mode;

t tad
KOTO (Wo Mm

1. Use the Arrow fouHflons to select

from the Seiwp MeraM (Figure 2.12). Press the Clear/Enter button.

2. The instrument will return to the Main Memo ready to Calibrate <& Tesfi in Bulk Sample Mode.
Press the Gear/Enter button.

3. The instrument will initiate self-calibration. This will take one to two minutes. When self-
calibration is complete, the instrument will beep and display the Ready do Test screen for Bulk
Sample Mode (Figure 2.13).

4. See Chapter 3: Testing Bulk Samples for details on how to test particular kinds of bulk samples.

I Sun May 11 199720:39:22
j Serial S XL309-U833NS034 1

h«trr//www nitnn rr»m/^h'> html
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• - o Read)- 10 Tea «=> —

Mode: BuJJi Mode

. Strc Suecfflk TO gaC)

Fog, 2.13 Seedy to Test @ufe Mc&

Tine Mm I

Ttoira SauMjpk Modlss can be used to measure concentrations of contaminants in a variety of tWai
layers, including deposits on dust wipes, filters and many other substrates, secluding, for example,

ers of uranium on concrete.

Caiuflitoms TUu® Sflamdlaird TMn Sampll® Modi® sJioiuW Mofl lb« M§®d! for quiaiffiillDllaKlfiv® Beadl-psifatl
Use oinilly Slhe Jhr®® Panrad Tfisdiimg modes to d®sH S®sid=tas®d!

THere are five Thin Sample Testing modes, each designed for a different type of test media:

1. 37 mm CE Fltteirs: Used for 37 mm diameter filters (fiberglass or cellulose-ester) tased in persona]
exposure monitoring. This mode can also be used for 37 mm filters used so amalyze dwi m Brnfl
Vacuum Methods. In this Thin Sample Mode, three measurements are taken, weighted, and summed

2. TSF/FM Filters: Used for the larger filters to monitor the concentration of mesaSs m air. In this
mode, the instrument averages the measurements you take on the filters.

3. EPtusil Wipes: Used for dust wipes to take samples by wiping surfaces following HUD guidelines
for risk assessment and clearance testing for lead in dust.

4. Standard Thin SampB®: Used for taking single measurements of samples or coalings. IB Shis
«

mode, results are displayed, in micrograms/cm . — —

5. Us®ir=Bd1imaMe Thm Samples: User-definable testing gives you the flexibility to specify custom

BdTStes

Ri.Ha
•

TesHrag In th<s Thm Sample

1. Use the Arrow Ibiultltoras to select
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SeJup Thin Sample Mode

from the Setup Menu. Press Clear/Enter.

2. The Choose Operation Mode for Thin Samples screen will appear (Figure 2.14)

3. Use the Arrow buttons to select the mode appropriate for the kind of thin samples you are going
to test. Press Cfiear/Enter.

4. The Choose Operation Mode for Thiij Samples screen will highlight the thin sample mode you
have selected and the cursor will move to Exit to Main Menu (Figure 2.1S). Press the Clear/Enter
button to return to the Main Menu. Press the Clear/Enter button again to initiate Calibration <fe
Testing in the thin sample mode you have selected.

5. The instrument will initiate self-calibration. This takes one to two minutes. When calibration is
complete, the instrument will beep and display the Ready to Test screen for the thin .sample mode
you have selected (Figure 2.16).

6. See Chapter 4: Testing Thin Samples, for details on how to test thin samples.

i Cbaaft Operation Mate. I

5> !

% • '
SmtiaaTtif Sampte <s! ';
Dta-Dc&aMt T i

Won May 12199? 83:33:51

Fig. 2.13 CrasaJioa Mfl£2
Srtos 37 am CD Fttens

McoMsy IJ)997JfcJfc21
Serial t JOJ05MJ83JNS034I

— *• Bct-9; to T«a •=>—

71m) Smate
37 Biro OE Filter

: WcnCi

. .
37 oua Fan Mode

All three Paiuft Modes can be used interchangeably to measure lead concentrations in paint in
Q

mg/cm . In all paint modes, NITON analyzers simultaneously measure and analyze both K-shell and
9

L-shell lead x-rays to determine (1) the numerical value of the lead in mg/cm present in the sample;
(2) the 95% confidence interval; and (3) whether the sample has a lead concentration that is greater-

than-or-equal-to ("Positive") or less-Shan ("Negative") the lead Action-level (in mg/cm2) that has
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uccu cmcicu.

Paimlt Mod®
s^*

In Sftamdard PaDrafl Mod®, the instrument reads until a 95% confident reading of "PosMv®" or
"NfigaUnve" versus the ActtSoo-Ievd is achieved. Then the instrument displays either Posffiv® or
NegaftSv®, the Resiulld in mg/cm2, and displays Serfac® kad for all Posilive readings where the lead is
not shielded by overlying Jayere of non-Jeaded paint.

In Stamdlsirdl Pamfl Mod®, Jesting times will vary somewhat from sample to sample. The instrument
will measure only until a 95% confident reading of "PosMv®" or "NegadBV®" (versus the A<nSito!
you have set) has been attained. Most readings take 10 seconds or Sess.

Sftamdsirdl Mod® -s- SpscSra is identical to Sftaradard PaSraH Mode except that the x-ray spectrum is
displayed with each reading.

L

In 1C (Sr L •*• Sp®cira Mcwil®, the instrument displays the complete test informationi continuously, from
the beginning of each reading, including the K-shell readimig with two-sigma comifidence jjilerval, the
L-sheJI reading with two-sigma confidence interval, the combined reading (Pb) with jwo-sigma

interval, and the full x-ray spectrum. With each reading, a NsiBB reswlt is displayed isirtil a
flDV® or N®g®2Sv(S vsmli is determined

In EC <& LM<od® •*• Specttra, you may continue readings indefinitely after a "P®sMv®" or
result is obtained, until you have attained a desired measurement time or degree of precision.

Noflei Inn ffljl pairalt Hesflrag mod®s, jf a HesH is sHoppsd before a "PosfliSv®" or "
iimailJoiini Ihas beeim mad®, yoou will §®tt a "Nun!" tt®s!l

1. Use the Arrow teutons to select

Sstop PBEBIK! Made

from the Settwp MI era M. Press Clear/Eirailer. The Se
2.17)

BMH Mode menu screen wil] appear
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2. Use the Arrow buttons to select

Set up PainU Protocol

. Press Clear/Enter. The Paint Protocol screen will appear (Figure 2.

3. Use the Arrow buttons to adjust the times for the 1st beep, the 2nd beep and the 3rd beep
signals for K & L Mode -f Spectra and to set the Action level. Use the Gear/Enter button to enter
each selection.

3

Jrtbecp 36 vx
A«we
few! 1.9

HgocUC:

4. When the Action-JeveJ has been entered, the Setup Paint Mode screen will re-appear (Figure
2.17). Now use the Arrow buttons to select a Paint Testing Mode. Press Oear/Erater.

5. The Main Menu will appear, with the instrument ready to Calibrate & Test in the paint mode you
have selected. PressGear/Enteir.

6. The instrument will self-calibrate in one to two minutes. When self-calibration is complete, the
instrument will beep and display the Ready to Test screen for the paint mode you have selected
(Figure 2.1

7. See Chapter 5: Testing Paint Samples, for detailed descriptions of all three paint testing modes.

Ax£oo

Rg.2.15> Ready u>T«a.

Your NITON has been thoroughly calibrated at the factory. To further assure the best Quality
Assurance/Quality Control, your NITON performs a second self-calibration check every time you
turn on or reset the instrument.

In addition, NITON has provided you with several standard samples so you may check both

•j/ti/ni
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calibrations. These tests against known standards insure that the instrument is functioning properly
and buttress your results with a permanent record of regular calibrations.

Instrument §eilf=caJibratioini

When the screen arrow (->) is on Calibrate <& lest, press Clear/Emier to start the self-calibration
process (Figure 2.2©). Self-calibration takes one to two minutes. When it is completed, ihe
instrument will beep and the Ready to Tesft scmem will appear.

Tfe® ready to ted scram

The Ready 1® Test screen (Figure 2.19) displays the following fields:

1 .The current Bate and Time.

°. Check the Bate and Time, If they are not correct, reset them foefore 2aMniig_si§y
(see page 10). Yew readings wil mod to® scceraHe unless (Uto® dlaite sumdl flfiinnxe am®

2. The rastramesjJ S@™I1 Nanmrnlixeir.

3. The indication that the instrument is Ready to TesH

4. The testing mode the instrument is ready to test in.

5. The Adjoin-level the instrument will use to make either a "Positive" or "Negative" determination
of lead in paint testing. The Action-level is only used in paint testing modes.

6. The Eiraeirgy Resole HOOT. The lower the number (in eV), the better the instrument will perform.

HroMo0 If yom Hry Ho calilbraHe Ihe instrameiniH and U does not calibrate sMCcessffaiily, pusta
Reset Bmttoira on the bottom of the instrument and recalibrate. KTyoor NITON does nod
calibrate successlfuiy In three attempts, please call the NITON Service BepairimeiniH aft
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294-1234.

7. The Source Strength (Src Strength). The Source Strength indicates the current activity of the
cadmium109 source in your instrument, in millicuries. Your NITON compensates automatically for

the decay of the source.

To insure the accuracy and precision of your NITON, it is recommended thai you re-calibrate hourly
during testing. To recalibrate:

Press the resell button on the bottom of your NITON.

or turn the NITON off, then on, and press the Clear/Enter button.

Note; Occasionally, your NITON may refese to take further readings and the screem
display the following message:

YOU MUST RECALIBRATE.

Typically, this wil! occur when there is a sudden, very large change m ttfee amfoiemS
temperature. When this occurs, recalibrate and continue testing,

How t© use your NITON standard samples

NITON provides sets of standard samples for each testing mode. These are used to check the
calibration of the instrument:

1. For Bulk Sample Mode, there is a set of three NIST soil standards

2. For TJiiira Sample Mode there is a set of three thin film standards: lead, copper, and iron.

3. For Lead Paimfl Mode, there is a set of government-traceable lead paint films.

Notes Although the standards do mot contain every element our mBilti-elemena analyzers f
for, when am irasitnjinent correctly measures the standards you have have received wstfe y®mr
700, youir NITON will correctly measure (the other elements.

Test the standards regularly. First, immediately after the instrument finishes self-calibration, then test
the standard samples appropriate to the type of tests you are conducting, and once every 1-2 hours
thereafter.

Warning: Tampering with the 5,500 ppm Head-in-soil standard may cause exposure to lead
dust. Keep all standards out of reach of children.

Caution: Never tamper with Test Standards. They should not be used unless they are completely
intact.

.Qrtil amtft THiJire Woltnro ctfciinKrSoBvJe
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A O D O D D H"

To test soi] or thin film standards, place the sample in the test platform receptacle and proceed to test
as with any prepared sample. The NITON standard soil samples provided with your instrument
contain known amounts of several elements. Do not contaminate the thin film samples with your
fingerprints. Handle them by the edges with clean hands.

Lead jpaiifflif sdaiudsirdls

1. Place the NITON standard with the colored side face up. Choose Jhe RED strip labelled 1.0 •*/• 0.1.
Take a reading of dhat standard. Place the instrument on the standard so ihai As mstrnmeml window is
fully on the standard. Your NITON should display a value between 0.9 and 1.1 rag/cm2 and should
indicate Surface tadL

2. Place the same standard with the colored side down. Take a reading of Ufa® stemdand (taied beneath
the equivalent of 5-6 coats of non-lead paint). Your NITON should still display a valee between 0.9
and 1.1 mg/cm2 and should not display Srarfsc®

Nodes If yoer BEBSttirMinnxrad 8s (Issuing Wglt <on Standard samples, cfaeclk ttlhe samriTaic® ttto® Sttamxdlsirdls
air© jresJBUDg ®m, -Tb<s SMBfaice may comttaiiiiB kadi,,

When you test tihe Standard samples, yom instrument should give sieadsngs which approximate the
certified values. Your instrument should'give consisted readings for escihi sample.

Your NITON stores up to 3,000 measurements plus their spectra. You can download Kfais data to a
computer for reporting or insertion in a database.

Note; Download rag daia does mot erase readings. To make room for Hlhe M®xH sen ©(Tdato, eras®
readimgs afUer verifytag fllhaH ttftie dada was dowmBoaded successWIy (se® rnsxtt

The RS-232 port, on the back of your NITON, accommodates a 4-pin LIMO coBraestoj. A
9-pin RS-232 connector cable is provided with your NITON. Your NITON cm communkaae with
either a "dumb" or an "intelligent" terminal, such as a VT300 connected to a mainframe computer or

You can download up to 3,000 measurements, their descriptions, and spectra (4-90 keV) in minutes
using the high-speed compressed format, NITON/Mid-Hudsomi BownloadDinig SdFttwsiir®, provided
with your instrument.



Exported XL Manual 6/97 - Title Page 17 of 24

1. Connect your NITON to your computer with the RS-232 port cable that is provided.

2. Using the Arrow buttons, select Download Data from the Main Menu and press Oear/Eiralter
(Figure 2.21).'

3. Select Fast Data Dump from the Download Data menu (Figure 2.22)and press dear/Enter.
Select the first to the last readings you wish to download. The default setting will download all
readings currently stored in memory.

H3

4. When the instrument finishes downloading, it will return to the Main MCHOS.

ASCII data dump

For users who wish to download data in ASCII format, the NITON can dump its data as m ASCII file
to any terminal emulator program.

1. Connect the NITON to your computer with an RS-232 cable.

2. In the Download Daia screen, press the Arrow buttons to scroll to ASCII dump (Fsgur® 2. 23)o
Press Clear/Elmer.

DoaB

3. When the instrument finishes downloading, it will return to the Maisra Me™.

Erasing readings

If you do not erase vour data, the NITON will continue to record data until the memory is completely
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full. Then the NITON will start to overwrite older data. Any data that is overwritten in this way will
be lost.

, or 1,000 readings inYour NITON can store data on up to 3,000 measurements in all Pai
Bmllk Samp!® or Thm Sample modes.

B")

s Bowraloadl yotmr data before flJae memory BS compkflelly folo dear Jibe m<sm®vy after

The erase readings function is designed to protect you from accidentally erasing readings. To erase

1. In the BowmlJoad Bafts menu, use the Arrow to Moms to scroll to Erase Readfags (Fngusirs 2o20).
Press

2. The Eras® leadings screen (Fognnre 2o2S) appssurs wish She folJowJng choices:

°> CANCEL d© im<D(i erase

EXBT Ho MfflBira

The screen arrow defaults on Cancel do raoi! erase, so that if you select it by mistake, you will not

3. To Erase
Qfisur/Emfieir.

gs, use the Up-Arrow [buflflom to go to ERASE a! readrags. Then press
you enter either ERASE a! readings or CANCEL do m<n>tt eras® your

return to the Mani Merara, ready to tafe and store more readings.

ffima aedfaso $07523
02fe& cis: CAFSJOSL, do (Ed ernes

s
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Fully charged, each Nickel Metal Hydride battery pack gives eight or more hours of continuous use. It
takes about 2.5 hours to fully recharge a spent battery pack if the batteries have been recently used. If
the NITON has not been used for several weeks, or if the batteries are completely discharged, they
must be pre-charged before they can be recharged. See Battery Charger, below.

NITON Battery packs can be recharged at least 500 times. They are warranted to be free. of defect
when shipped. They are not further covered by manufacturers' warranty. When they need to be
replaced, new battery packs may be purchased from NITON.

Note; Before beginning a lest, be certain the battery pack has sufficieiraft charge. Id Ss always a
good idea do carry a spare ba&tery pacL

Caution: NTTON's Nickel Metal Hydride battery packs discharge at a rate of about 2% psr day when
not in use.

•

Battery pack routine maintenance

Some guidelines:

* Don't leave battery packs on the charger all the time. Overnight recharging is recommended.

* For longest battery lifetimes, use a battery until completely discharged, and then mgcharge.

* Don't recharge a fully charged battery pack. If you want to charge a partially charged battery, nm
the Discharge cycle before recharging.

* Store the charger and battery packs in a cool, but not cold, place, away from direct sunlight.

* When a battery pack is not used for a long period of time, it will lose its charge completely. Fully
recharge it before use.

Note; The lithium battery inside your NITON will prevent any loss of data Sfyora
change the battery pack before downloading readings.

to

F\S. 2.20.

to ttjTOvt.lJx hmcry peel.

Tkz cJorDp screw* uuy

cnzrfttd IDlhe bz!te>- park.
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L Avoid changing the battery pack outdoors. Moisture and dirt can damage a battery.

2. Rest the NITON on a clean surface.

3. Loosen the (2) clamp screws. They do not come off (FJgMir®

4. Pull the battery pack away from the instrument by grasping the knurled screws and gently rocking
the battery pack from side to side while removing it.

1. Rest the NITON on a clean surface, as before.

2. Slip the notch at the bottom of the battery pack into the wide slot.
a if IT

3. Gently push the battery pack in, taking care that the battery pack connector is seated properly to the

4. Tighten the (2) knurled screw clamps that fit into holes on the NITON. If the screw clamps do not
tighten, the connectors are not lined up properly. These screw clamps must be tight for a secure
connection.

rag wDtllh Uto® AC adaptor °"

1. Lay the battery.pack on top of Bafltay Qiairgeir. Fit connectors together snugly (Fograir® 2»27).

2. Plug one end of the AC adapter into the power port on the bottom of the charger. Push the ptog ra,
making sure it seats fully.

3. Power up the charger: Plug the other end of the AC adapter into a 110V outlet The yellow Power
light will come on and stay on throughout. The green Charge light will also come on. It will blink
slowly at first, indicating that the battery is on Prs-clharge, and then stay on with a steady light,
indicating that the battery is on Ml CDnsurg©.

4. In FtuDl Charge mode, the green Charge light will stay on with a steady light while the battery is
being charged. It is normal for the charger to make some noise in Full Charge mode.

5. In Trickle Charge mode: When the battery is fully charged, the charger will automatically switch
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to Trickle Charge mode and the green Charge light blinks rapidly.

Caution: Do not leave battery packs on {he Battery Charger longer necessary.

ooraias tight ttvdl

Poenr Uyla (jwScs)

R{J. 2.IT.

Put battery packs on the Discharge Cycle only if they are not holding a charge; or, if they are
partially charged, run the Discharge CycBe before recharging. It takes about eight hours to fully
discharge a battery pack. To discharge a battery pack, place it on the charger and:

1. Press the red Discharge button. The red Discharge light goes on, and the green Qiargfe light
blinks slowly, showing charger is in Discharge mode.

2. After a full Discharge cycle, the charger automatically recharges the battery.

Jittr>-//um;u; niton Vitml -vn/m
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3. The red Discharge light goes out and the green Oarge light will blink rapidly, showing it is in the
Trickle Mode.

Pre-clhsirge

If your NITON battery packs run all the way down, they must be pre-charged before they can be re-
charged. The process can take up to 5 hours. A battery is pre-charging when the green C
on the battery charger is blinking slowly, and the BJsctairge and TtempsirsiiltLBir® lights are off.

BIT dibs red Temp Mgtofl coumss ©m reroeafledllly wlbem a tatttory pacfe fa ©DB
ctergsr DM aUi® FwE Charge cycle, sail MTON Oustoufflxsir SeirviteB sad (4031) 2944234

Caution: Do not store the battery paclcs or battery charger in direct sunlight.

yotuiir vfiBufote 22V

[yen] The plug of the DC Adapter has'.® 5A internal fuse. To check the fuse, unscmsw the cap that
retains the contact from the end of the plug. Replace this fuse only with a 5A fuse of the same size. If
the fuse in the 12V Adapter burns out frequently, call NTTON's Service Department at (401) 294-
1234.

Nodes Pkase do iraoH Ihrow away spent -battery packs. Retarra sperafl IbaHftery packs to NITON s®

NITON Corporation welcomes any questions or comments you may have about yow NITON
analyzer. Please do not hesitate to call us at either our Main Office number: (781) 275-9275 or at ow
Rhode Island Service Facility number: (401) 294-1234.

; A I Service except exterior cleansing minsft be performed toy NITON CoirflMwrsittitoBn,, IDto
ajaempl Ho make repaiiirs youiirself. Openimg nine case of yoinir NITON wM voM Hlh® i

Keep your NITON clean, particularly the beryllium window on the bottom of the instrument. If the
window is dirty, the performance of your NITON will be affected. Clean the window gently with
cotton swabs. Clean the instrument's metal case with a soft cloth. Never use water, detergents, or
solvents. These may damage the instrument.

[yen] A J2V DC Adapter is provided with your NITON. Instructions are the same as for using the
110V AC Adapter. When you have seated all connections well, the yellow Power light will come on.

[yen] Do not use the Discharge Cycle while OB fttse DC outlet

[yen] Secure the charger so the power eomdl doss jiot get polled out while the vehicl© BS in motes. ^
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Note: Never ship your NITON analyzer back to the factory for any reason without calling and
obtaining a Return Authorization (RA) Number from 'NITON Corporation-

Storing and transporting your NITON

All NITON instruments come in waterproof, drop-proof carrying cases with padlocks. NITON
instruments can be transported by car or plane or snipped as an ordinary package. There are no
restrictions for tunnels or bridges. No notification is required for transportation except the following:
There may be disclosure and/or licensing requirements if you take your NITON instrument across
state or national boundaries. Please check with the appropriate agencies for details.

No special labelling is required on the outside of case or packaging. A compliance statement must be
kept with the instrument case. Always transport the unit in its carrying case, and keep the NITON in
its case whenever it is not being used. Store the instrument, in its case, in a secure area.

All NITON instruments must be packed in their original padded carrying cases for shipment. Pack the
NITON in its carrying case and ship in either the original carton and packing material or their
equivalent.

Cautions Do not ship yomir instrument back to NITON for any reason wMfcxuMfl first notifying
NITON Corporation and receiving a Return Authorization Number,,

Caution: If you return your NITON without the carrying case you will void the instrument
warranty, you will also be billed for a replacement case plus any repairs respiting from

Always enclose a copy of a current leak test certificate when you ship your instrument back to
NITON.

Caution: NITON'S license prohibits repairing or upgrading any XRF imistinuiirmenfl without «j
current leak test certificate., If you return an instrument without a curremtt Beak testi ceirtiacato,
NITON will perform a leak test and bill yoiB (Tor the leak test,

Note: Keep a copy of the following statement in the NITON case whenever the instrument is shipped:

THE NITON SPECTRUM ANALYZER CONFORMS TO THE CONDITIONS AND
LIMITATIONS SPECIFIED IN 49 CFR 173.422 FOR EXCEPTED RADIOACTIVE MATERIAL,
INSTRUMENTS AND ARTICLES, N.O.S. UN-2910. THIS PACKAGE CONTAINS NO MORE
THAN 50 mCi CADMIUM]09 IN A PLATED, SOLID, SEALED SOURCE INSTALLED IN AN X-

RAY FLUORESCENCE ANALYZER.



Exported XL Manual 6/97 - Title Page 24 of 24

r"° ° ^"^TRack to the Table of Contents

nitnn rr\mlr-V\f)



Exported XL Manual 6/97 - Title Page 1 of 12

NITON

iser s
Copyright 1993,1994,1995,1996,1997 NITON Corporate

ML) Chapter 3

3° Anialyzieg touSk samples

The NITON XL-309 may be used to test lead in soil and ground-up paint chips if equipped with
optional Lead In Soil Analysis software and hardware. 702, 702-A, 703 and 703-A McBeFSpecmim
Analyzers are multi-element analyzers for bulk media, thick samples of materials such as soil,
and various liquids. Applications include:

o in-situ soil testing,

o in-situ materials testing (e.g., contaminated concrete)

o bagged soil sample testing

o testing sludge, sediments, liquids, and dust in cups,

o "testing prepared soil samples.

Choose the Bulk Sample mode from the Setap screera (Figure 3.01).

Note: Before Jesting in Bulk Sample mode, (torn yoor NITON on at leastlS mBBiiuies prior to
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testing. This will give you more precise measurements.

Sc2. Ccd (Je
fc»p> UJtb

In general, testing methods for bulk media are of two types: Field screening and testing prepared
samples. Understanding the difference between these two types of analysis is crucial to getting good

Field screening should be used to profile an area, to locate sources of contamination, to determine the
boundaries of contamination, or to gather data that will subsequently be used Go design a sampling
plan. Field screening is usually only approximate; field screening will correlate very well with lab
analysis for a highly-homogeneous sample, but may correlate extremely poorly for a non-

:; For jpsrfbnnroainKEiB evaltoilktin) ©IT IBeM XRF nesMlfls by companmg tttosra to
to JMsHfilTy XKJF" misags), cuever ms® Sm-SBto HesHimg; always gaUhnsr samrajpE®

When comparing field screening to laboratory analysis, try to compare the sams samples. For best
results, collect a large sample in a zipper locking storage bag. Shake the bag to mix the sample. Test
(the bagged sample several times using the NITON and average the readings. Tlhien compare this
average reading with lab results.

If you must test in-situ for performance evaluation, take several XRF readings bracketing a spot.
Then take a sample for laboratory testing from that spot. For further discussion of field screening, see
EPA Method 6200, "Field Screening Using a Field-Portable XRF." Contact NITON for a copy. The
EPA accepts field screening using the NITON if the screening is performed using M@ithc$"<$2TO. Most
states accept EPA Method 6200.

Tto® imc£a§MF®irm®ffl](l scrasHB

On NITON XL-309s with optional Lead in Soil Analysis, only lead is displayed in bulk sample
testing. On 700 models, only the two highest-concentration elements are displayed (in ppm, wish the
two-sigma confidence intervals) on the first MeaswememJ screon (Figur® 3.ffi2a), with the x-ray
spectrum. The black bars on the spectrum display highlight the presence or absence of lead or iron in
the sample. The test time is also displayed in nominal (source) seconds.

Tto<2 summssiry screem

When you end a reading, the MeasmraneiniJ Scmeem is replaced by the SMmmary Screei (Fiigw®
3 J21b). On 700 models, results are displayed for 14 elements. The elements are divided into two
groups: elements that were detected in the sample, and elements that were not detected. Press the
Arrow by Moms to scroll through the elements.

http://www.niton.com/ch3.htm)
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Detection Limit: For an element to be detected by the NITON in a given sample, the measured
concentration of the sample must be at least three times the standard deviation of the measurement.
This detection limit will depend on the composition of the sample.

Precision: The measurement precision for each element displayed appears to the right of the
measured concentration, under the heading "+-". The precissom of each measurment is. two times the
standard deviation (sigma). An element is classified detected if the measured concentration (in ppm)
is at least 1.5 times the precision.

Detected elements are displayed as in the Measurement screen. Non-detected elements are shown as
< xx, where xx is the detection limit for that sample. The detection limit for each element is
calculated from each sample.

JSSs
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Before you take your first measurement, you must decide whether to test the bulk material

o in-situ (in-place),

o as bagged samples (or, for liquids and sludge, in cups) with a minimum of preparation, or

o in an XRF cup after careful preparation.

Note: More sample preparation (drying, rnilMmg and sieving) will yield greater accuracy. Tlhe
drier, finer, and more homogeneous the particles, the better the measurement.

http://www.niton.com/ch3.htmJ
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If you are primarily interested in determining whether an element is present (rather than in accurately
measuring how much is present), direct measurement is the quickest, simplest way to proceed. Even
if you intend to take samples, preliminary direct measurements will help you to survey the site. The
analysis of bagged samples is another screening technique.

Tito® NITON teH

The NITON Test! Gtusurd) (Figunir® 3 J3) is a formed metal plate designed Co be
bgcween Che ground or other bulk media and the NITON. Use the Test (Giasirdl for surveys of
media in-s&u or for testing bulk samples in bags. The Test Guflsiird shields the unit from

TesHann

When telkirag samples from a site where (toxic chemicals may be presemds always os®
for yoiuir owm

1. Select a measurement site. Lead-in-soil from paint, for instance, will be concentrated within a few
feet of the painted structure. Valid results will depend on a sufficient and appropriate selection of
sites to sample.

htto://www nifnn.com/rh^
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2. Clear any surface debris or vegetation. Use a flat area so that the NITON will contact the test
medium. The finer and more homogeneous the material, the more accurate the measurement. (You
can increase your accuracy when testing soil by loosening the soil and letting it dry in the sun before
testing.)

on CM Tea Ca&d

Cla Ej&aa chtocrfece.

3. Place the test guard on ground. Keep the top of the test guard clean.

4. Hold the NITON in one hand.

respecd. Do nod pud your hand on fllhe end pB§to_o(T HEn®
NITON wMk measuring. Never poind dfee NITON ad yourself or anyone else wfeem

5. Push the safety slide (that locks the shutter release) out from under the shutter release. If She slide is
still tucked in, you cannot press in the release nor will the instrument fit on the test guard correctly.

6. Place the NITON on the test guard so that the rectangular opening on the test guard is under the
window of the NITON, squeeze the shutter release, and firmly press the instrument flat against the
surface of the test guard (Figure 3J4 a,fo). If you don't squeeze the shutter release, the plunger will
not depress. If the plunger is not fully depressed, the window is not fully open and the NITON cannot
measure accurately. The back of the unit must be flush with the test guard.

Note During flhe measuremend, you do nod need do squeeze dhe shudder release con
- Hold One NITON firmly againsd dhe desd guard surface aod id will continue So read«

" dtie insdrumend, dhe plunger will back oud dhe boddom, dhe shudder will close, and dhe

1111 /n i
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7. Watch for indications to decide when the test has reached the desired level of accuracy. A typicaJ
screening test will last 20-30 source seconds.

Warning: Jin ttlhe unlikely evert thai Hlhe plunger gets stack in trae open posDttDom, simply praslh
closed. Tlhen call trae NITON Service Department! an (4(D>1) 294=1234

iirag

An XRF soil test examines only the top millimeter or so of soil. To do depth profiling, simply remove
a vertical slice of soil and test several samples from different depths. Doing so rapidly yields
information about the depth of contamination.

s

Sometimes it is convenient to collect samples in plastic bags. Without further preparation of the
sample, you can screen the site by testing each bag. Because you are testing through a bag, test results
will tend to be 5-10% lower than test results obtained from direct analysis.

2. Take a composite sample from each predetermined area. Do not combine samples from areas with
different compositions or history. A compositte sample made up of sampMmgs ffirdwnro ttwo

areas Ss mod represeralailDve <of eittlher area.

Mix the sample. If it is too large, reduce the sample. Some techniques for reduction and
homogenization are described in the section on analysis of prepared samples.

3. Fill a clean plastic bag with 50-100 grams of soil and close it securely (with & twist tie). The
accuracy of your measurements will be limited by the thickness of the plastic in (the bag you use. 1
mil-thick Polyethylene bags offer a reasonable compromise between accurate jTsadings and bag.
durability. Be sure to labs! each bag with your name and the location of the sample site.

TssilBMg samples BUB [bags

Shape the bag of soil to form a continuous uniform layer of at least 1 cm. (0.4 inch) thickness. Place
the NITON test guard on the bag (Figure 3JS). Then follow testing in-situ instructions.

Warning; Do not hold bagged bulk samples in yoer hand during

1. Before sampling a site, size, it up for differences in soil characteristics. Valid pgsul&s depend on a
soffkiens and appropriate selection of sites to sample. Consider the site's topography, textere, /;?>

<&'••' '
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To teii 3 {xip of Wtl. ftntli)
prow y*ar NITON pka T«l
Ctocrd flu ngaiim thr tcrtaxol
riw to; Otikfe ifcstad KDI on a
Tinn s

'SIS Ol

Prepared sample analysis is the most accurate method for determining the concentration of elements
in a bulk medium using your NITON. Sample preparation will minimize the effects of-moisture, larg
panicle size and variations in particle size.

,g: For your protection, whemi taking samples from a site whsrs toxk cfeenniBcails may to®
:, always osse gJoves arad respiiratlloBi e^uipmeraiL

NITON recommends a specific sample protocol. Following this protocol for preparing and testing
samples is vital for achieving a level of accuracy comparable with laboratory results. S&s FSgisrs 30(M
for a flow chart of the protocol.

pieasoSca^̂

Hc3o S9-BGQ

Dcyo oSB esa (araiaj cazSi
de

cftcfitptf thtctiyfa

-Sandtutxomptcta
ta£>oja>orjf ha ccnftsncfioa
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loot caim&o pOi HHD& JBD

Wlhiora UssHDMg ffor ll®sidl-JM°s<n>BS m a irssMsmtml
to '(5 imdhxss ©IT soE,

M 5s siamdlsiird pirsidtiic® to sample ftlto®

The soil probe or sampling tubs is a very convenient sampling tool. It not only allows speed bust it
makes more accurate composite samples than any other tool as it may always be inserted to a marked

and it removes the same amount of soil at each insertion. There are core sampling devices that

A shovel, spade, dibble, narrow (1-1/2 inch) garden trowel, or other sampling tool can do the job.
Take a half-inch soil slice. A satisfactory soil auger may be made by welding a 1-1/4 or 1-1/2 inch
wood bit into a 1/2 inch pipe equipped with a T-handle.

Take 50-100 gram sample to insure that you have a sample large enough to bs representative and

1. Before sampling a site,.evaluate it for differences in soil characteristics. Valid iresults depend on a
sufficient and appropriate selection of sites to sample. Test results may be worthless, even highly
msslesdjng, unless the samples tested actually represent the area.

Consider topography, texture, drainage, color of topsoil, and past use. Lead, for instance, is usually
concentrated near a building with lead paint (within 4-6 feet).

2. If the individual samplings are taken with a spade or trowel, (FigMir® 3.HD7) reduce the samples by
taking a vertical slice (so it is representative of the entire spadeful) about one inch wide.

Place the reduced samples in a clean pail Then mis the sample thoroughly by stirring and by rotating
ail at an angle of 45 degrees. Don't shake. (You do not want to stratify the sample by weight).

. 3.07

ptrtfio dlWit to trite o

hciHcsCs ctert. Efae of toil.

3. Take a composite sample from each predetermined area. Do not combine samples from areas with
different compositions or history. A composite sample made up of samplings from two distinctly
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different areas is not representative of either area.

From each predetermined area, prepare a composite sample by taking several samplings consisting of
vertical columns of material approximately 1 inch in diameter. The length of each column should be
about 6 inches. Lead from paint is usually concentrated within the top 1-4 inches. The elements you
wish to measure and the local history will determine how deep you need to sample.

Package samples from the following areas separately: samples close to painted structures, close to
roads, samples close to where various types of waste have been stored, or near pressure-treated
lumber.

4. Fill a clean plastic bag and close it securely (with a twist tie). Be sure to label it with the date, the
site and the location where you took the sample

The equipment you need to prepare samples is included in your kit. Among these are a mortar and
pestle (for the XL-309 with lead-in-soil-analysis), an electrically powered grinding mill (included
with 700s), and several sized-sieves.

The mortar, pestle, and grinding mill may be cleaned with dry paper towels. Water will also clean the
mortar, pestle, and the mill's container, but be sure each is absolutely dry before you use them OBI
another sample. The mortar and pestle may be cleansed by grinding clean dry sand in the mortar. Use
the short bristle brushes (included in your Bulk Testing Kit) to clean the sieves. When Soil Grinder
blades wear out, unbolt the worn blades and replace.

At various times while preparing a sample you may need to divide it. Cone and quartering is a
method for splitting the sample into homogenous quarters. Slowly and carefully pour the dry material
onto a flat sheet or pan forming a symmetrical cone. Using a flat thin-bladed tool, such as a knife or
ruler, divide the cone into equal piles. Divide these in half again. Now you have four samples, each
one-quarter the size of the original and each more homogenous than the original.

1. If the sample is moist and cohesive, dry it. To best prepare a sample for presentation to the XRF,
the material should be dry and well homogenized. Ideally, the entire sample should be dried to
constant weight, sieved to remove gravel and debris, and ground or milled to a fine powder.

The sample can be dried in any of several ways. Choose one of the following: Oven dry the sample
for approximately 2 hours at 150° C, until the sample reaches a constant weight; air dry the sample
overnight at room temperature in a shallow pan; gently stir and warm the sample in a pan over a hot
plate or burner.

Oven drying is inappropriate when volatile compounds may be present in the sample. For example,
lead present as tetraethyl lead would be driven off by the heat of drying. Some forms of mercury and
arsenic are volatile. Air drying will preserve more of these volatile substances.
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2. Grind the sample to break up din clods and/or paint chips. V

3. Sieve with the #10 (2mm) mesh and separate out the larger pieces (stones, organic matter, metallic
objects, etc. Examine the larger particles by eye (look for paint chips), but do not include in the
sample.

4. Grind the sample so its particles will be finer and more homogenous. Use mortar and pestle, or an

Wararag; GnmdSirag-aradl-sjeviiirag dried samples produces du§H. Evera deana SOB! ©DMtoBinis sices,
wMcDu may foe ftiasairdloaiis wDsem sirBiora®. Prepare all samples 5m a veiMiillaitedl sung®, wear a nrassfe,

5. Sieve at leas? 30 grams of the sample through #60 (250 um) and #120 (125 ram) mesh. Re-grind the
unpassed material until the required fraction is able to pass.

6. Mix the resulting sample.

FrattHSmg tlhe sampB® BED sm XU&F samropE® OBJP

The container holding the sample affects the accuracy of the measurement. Us© a container with as
JhJn- walled a window as is convenient. and use tfie same kind of container and wradow for each
sample. Consistency and careful attention to detail axe keys to accurate

Tfo® sample cdJMfiaBMer shKOuuW toe a sample cep ©IT a fiype filbad cami tee MW fFroDM aBje
tttott fis, dlhie side opposlde Hlhe wiiradow (e.g. ChempieK ^133(01). MTON reconnrasraeimdls
mi rnySair film wmdlow (Figure 3.08). A suppfly oiTciuips amidl windows are

I . Place a circle of mylar film on top of an XRF sample cup. The window goes on the end of the cup
with the indented ring. Note that the window may be prepared ahead of time.

2. Secure the film with the collar. The flange inside the collar faces down and snaps into (the indented
ring of the cup. Inspect the installed film window for continuity and smooth, taut appearance.

3. Set the cup, window-side down, on a flat surface. Fill it with at least three grams of the prepared
sample (no more than half-full). Take care that there are no voids or layering.

4. Placing the cup film-side down on a flat surface, tamp the sample into the cup. The end of the
pestle makes a convenient tamper. If you intend to re-use the sample, you can, alternatively, place a
filter-paper disk on the sample before tamping it.

5. Fill the cup with polyester fiber stuffing to prevent sample movement. Use aquarium filter or
pillow filling as stuffing. A small supply of stuffing comes with your bulk sample kit.

6. Fasten the cap on the cup (Figure 3J9). Using an indelible pen, write an identifying number on the
cup. Keep a record of the sample number, the site and location, the date of the sample, and any other
relevant comments.
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tows c5e«c?(Ei uta caji.

es of liquids, sludges ©B° drastt

Fill an XRF sample cup with the liquid to be tested (Use no cotton). It is best if some overflows when
the cap is put on, since the cup must be full.

Sludge can be placed directly in am XRF cup for screening. This is considered in-sita testing because
no attempt has been made to prepare the sample. For more accuracy, the sludge can be dried, sieved,
and ground.

Screenlmg duns!:

Use large dust samples taken from a home vacuum cleaner bag. Remove fibers, hairs, and debris. At
least three grams of dust are needed to assure accurate analysis. Samples as small as one or two grams
may be measured with less accuracy. Even smaller samples (0.3 to 1.0 grams) can be analyzed by
applying a weight correction factor and by using a funnel to place the sample in the i
sample cup.

Prepare in an XRF sample cup and test the same way you would with a soil sample. For risk
it is advisable to use a 60-mesh sieve to isolate and test only fine particles.

platfomn

The test platform (Figures 3JOa,lb) is an accessory fixture for holding bulk samples (such as soil or
ground paint chips) in standard film-window XRF cups. This fixture snaps quickly and securely to
your NITON instrument.

The platform latch screws underneath for storage. Before using the test platform, unscrew the latch
and rescrew it on the end of the platform nearest the receptacle for the sample cup.

The test stand securely holds the XRF sample cup in place.

hftTV//n/\uw nifon mm/ok"?
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sample;

Set the NITON test platform on a flat, solid surface. Place the sample cup in the receptacle of the
sampler. Included in your kit are some foam disks that you can put in the receptacle under the cup for
firmer contact between the NITON and the sample cup window. Attach the NITON to the test stand
and follow in-situ bulk sample instructions (Figures 3,11 &9b).

Tkr-Nbn
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1

Liquid and solid environmental samples are routinely collected by E & E during field surveys,
site investigations, and other site visits for laboratory analysis. Unless the samples have anesthetic,
noxious, or other properties that could inhibit the ability of a flight crew member to perform his or her
duty or are known to meet the established U.S. Department of Transportation criteria for hazardous
material (i.e., explosive, corrosive, flammable, poisonous), they are not regulated as hazardous materials.

This Standard Operating Procedure (SOP) describes the packaging procedures to1>e used by
E & E's staff to ensure the safe arrival of the samples at the laboratory for analyses. These procedures
have been developed to reduce the risk of damage to the samples (i.e., breakage of the sample contain-
ers), promote the maintenance of sample temperature within the cooler, and prevent spillage of the
sampled material should a container be broken.

In the event the sample material meets the established criteria of a DOT hazardous material, the
reader is referred to E & E's Hazardous Materials/Dangerous Goods Shipping Guidance Manual (see
H&S5.5).

This SOP describes procedures for the packaging of environmental samples in:

° Coolers;

° Steel, aluminum and plastic drums; and

° 4GV fiberboard boxes.

The Hazardous Materials/Dangerous Goods Shipping Guidance Manual will complete the
information needed for shipping samples by providing guidance on:

° Hazard determination for samples which meet the USDOT definition of a hazardous
material;

° Shipping profiles for "standard" shipments;

° Shipping procedures for "non-standard" shipments;

° Marking of packages containing hazardous materials;

I
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° Labeling of packages containing hazardous materials; and

° Preparation of shipping papers for hazardous materials shipment.

It is E & E's intent to package samples so securely that there is no chance of leakage during
shipment. This is to prevent the loss of samples and the expenditure of funds for emergency responses
to spills and the efforts necessary to re-obtain the sample.

Over the years, E & E has developed several "standard" package configurations for the shipping
of environmental samples. These standard package configurations are described below.

Liquid samples are particularly vulnerable. Because transporters (carriers) do not know the
difference between a package leaking distilled water and a package leaking a hazardous chemical, they
will react to a spill in an emergency fashion, potentially causing enormous expense to E & E for the
cleanup of the sample material. Therefore, liquids are to be packed in multiple layers of plastic bags and
absorbent/cushioning material to preclude any possibility of leaks from a package. This section defines
the standard packaging configurations for environmental samples.

Liquid environmental samples should be collected and preserved as outlined in the Standard
Operating Procedures (SOP) for Surface Water Sampling (ENV 3.12), and Groundwater Well Sampling
(ENV 3.7). Preserved water samples are noH considered to meet line HM/OG deffSmMfljms^fF Class 8
(CfDrrosJve) amid! are iDnereiTore coesidered to be iraoinilhazardloifls samples,. Liquid environmental
samples may be shipped using an 80-quart cooler or an outer package consisting of either a steel or
aluminum drum. Because the steel and aluminum drums provide little insulating capability, they should
not be used for samples that require icing.

° Label and seal all water sample bottles according to appropriate sampling SOPs;

° Secure the bottle caps using fiberglass tape; and

° Place each gmber, poly, and volatile organic analysis (VOA) bottle in a scalable
plastic bag. Mark the temperature blank VOA bag for identification.

If a foam block insert is used:

° Line the cooler with two plastic bags;
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° Place a foam insert (with holes cut to receive the sample bottles) inside the
plastic bag;

° Place the bottles in the holes in the foam block;

° Fill void spaces with bagged ice to the top of the cooler;

° Fold over the plastic bags lining the cooler and secure shut with tape;

° Place Chain-of-Custody (C-O-C) form in a scalable bag and tape it to the inside
of the cooler lid; and

° Secure the cooler with strapping tape and custody seal. Cover the custody seals
with clear tape.

If vermiculite is used:

° Place 1 inch of inert absorbent material (vermiculite) in the bottom of the cooler;

° Line the cooler with two plastic bags;

° Place each sample bottle inside the inner bag;

o Fill the void spaces around the bottles with vermiculite to about half the height
of the large bottles;

° Fill the remainder of the void spaces with bagged ice to within 4 inches of the_ ^
top of the cooler, making sure the VOAs are in direct contact with a bag of ice;

° Fold over the plastic bags lining the cooler and secure shut with tape;

° Fill the remaining space in the cooler with vermiculite to the top of the cooler;

° Place C-O-C form in a scalable bag and tape it to the inside of the cooler lid; and

° Secure the cooler with strapping tape and custody seal. Cover the custody seals
with clear tape.

Alternate Packaging Using 1A2/1B2'Drum

° Place 3 inches of inert absorbent material (vermiculite) in the bottom of the drum;

° Line the drum with two plastic bags;
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° Place each sample bottle inside the inner bag;

° Fill the void spaces around the bottles with vermiculite to the height of the lafge"r
bottles;

° Fold over the plastic bags lining the drum and secure shut with tape;

° Fill the remaining space in the drum with vermiculite to the top of the drum;

° Place C-O-C form in a scalable bag and tape it to the inside of the drum lid; and

° Secure the drum with closing ring and apply custody seals. Cover the custody"
seals with clear tape.

3o3 Sool/SedoinnioiniS

Soil/sediment environmental samples should be collected as outlined in the SOP for Soil
Sampling (ENV 3.13), and SOP for Sediment Sampling (ENV 3.8). Soil/sediment environmental
samples may be shipped using an 80-quart cooler, a 4GV fiberboard combination package, or an outer
package consisting of either a steel or aluminum drum. Because the steel and aluminum drums provide
little insulating capability, they should not be used for samples that require icing.

° Label and seal each sample container according to SOPs;

° Secure the bottle caps using fiberglass tape; ^ ,

° Place each sample bottle inside a scalable plastic bag and place it in its original
shipping box or in individual fiberboard boxes. Mark the temperature blank bag
for identification; and

° Secure the original shipping box with strapping tape, place shipping box in a
plastic bag, and secure the plastic bag with tape.

If an 80-quart cooler is used:

° Place bubble pack or similar material on the bottom and sides of an 80-quart
cooler;

° Place the bagged shipping boxes in the cooler with a layer of bubble pack
between each box;
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° Fill the void spaces with "blue ice" or ice in baggies to the top of the cooler;

° Place C-O-C form in a scalable baggie and tape it to the inside of the cooler lid;
and

° Secure the cooler with strapping tape and custody seal. Cover the seals with
clear tape.

If a 1A2/1B2 drum is used:

° Place 3 inches of inert absorbent material (vermiculite) in the bottom of the drum;

° Line the drum with two plastic garbage bags;

° Place the boxes inside the inner bag;

° Fill the space around the samples with vermiculite;

° Fold over the plastic bags lining the drum and secure shut with tape;

° Fill the remaining space around the bags with vermiculite to the top of the drum;

° Place C-O-C form in a scalable bag and tape it to the inside of the drum lid; and

° Secure the drum with the closing ring and apply custody seals. Cover the
custody seals with clear tape.

Note: If a small number of samples are being shipped, it may be more practical to package them
using the vermiculite or foam block configurations used for shipping liquid samples.

Environmental samples are to be shipped as nonhazardous cargo. Unless the samples have
anesthetic, noxious, or other properties that could inhibit the ability of a flight crew member to perform
his or her duty or are known to meet the established U.S. Department of Transportation criteria for a
hazardous material (i.e., explosive, corrosive, flammable, poisonous), they are not regulated as
hazardous materials. When preparing the containers (i.e., cooler, drum, or box) for shipment, E & E
staff must remove all labels from the outside container. Labels indicating that the contents may be
hazardous are misleading and are not appropriate. Markings indicating ownership of the container,
destination, and chain of custody labels are acceptable and can be attached as required.
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When completing the paperwork for shipment, the standard nonhazardous forms must be used.
Do not use the hazardous materials/dangerous goods airbills, either in total or in part; these-forms are
coded and their use will invite unnecessary questions. This will only serve to confuse Airborne or
Federal Express' terminal personnel and will cause much frustration and the delay of sample shipment.

Environmental sample packages can be shipped overnight by both Airborne and Federal Express.
When choosing between the two, cost should be considered. It is normally much cheaper to ship
Airborne. For work conducted and paid for by E & E, it is E & E's policy that you must first attempt to
ship by Airborne before considering Federal Express. In addition, Airborne tends to have remote
locations open later in the evenings than Federal Express, which may be helpful when trying to complete
a full day's sampling effort and still make the flights on time. Although both companies offer pickup of
samples at the site, it is advisable to call ahead and ensure that this service is offered beforehand. In
almost all cases, both companies will deliver to the laboratory of your choice on Saturdays. When
planning for sampling activities, check with the companies in advance to verify pick-up and delivery
schedules.

When dropping off the sample packages at Airborne or Federal Express, do not indicate that
these samples may be hazardous. This will only raise questions and delay the shipment. Although you
may have an idea of the kind of contamination that is contained in the samples, you must remember that
you are sending these samples to a laboratory for analyses to determine the amount and type of
contamination, if any. Until that is determined, the presumption is that the samples are environmental in
nature and not subject to the hazardous materials restrictions.

fet-y
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PROPRIETARY RIGHTS NOTICE

This manual contains valuable information and material developed by Arizona Instrument LLC
for use with the Jerome 431-X Mercury Vapor Analyzer. No part of this manual can be

reproduced or transmitted in any form or by any means, electronic, mechanical or otherwise
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FOR THOSE WHO CAN'T WAIT TO USE
JEROME 43I-X BEFORE READING THIS MANUAL

CAUTION: The Jerome 431 -X is intended for vapor use only. BO NOT allow the probe or
the instrument's intake to come in contact with liquids, dust or other foreign
material.

Please read the manual for added details that will optimize the results and the life of your
instrument or if your application requires use of dosimeters, special voltage inputs or data output.
Also, refer to the manual for complete details on operation, maintenance and troubleshooting.

The Jerome 431 -X is easy to operate and ready for use upon receipt from the factory. Follow
these brief steps to use your instrument.

° Remove the instrument from the packing material. Check for any damage and confirm
receipt of all parts on your packing list. Contact Arizona Instrument Customer Service at
800-528-7411 or 602-470-1414 if you have any questions.

° Press the ON button. In less than one second the display should read 000. Note that a
LO BATT message appears briefly in the upper left corner. If the LO BATT light
persists, charge the battery. See page 13 for details.

° Check the voltage setting (110 or 220 VAC) on the back of the instrument. Ensure that it
is set to the correct voltage. If the voltage must be changed, turn the knob. However, it
may also be necessary to change the frequency setting; see page 18 for details.

° Perform a sensor regeneration by following these steps:
^ Plug the line cord into the instrument using the plug in the back and to an AC power

outlet.
2> Power the instrument ON and press the REGEN button. The instrument will begin a

10 minute regeneration cycle, indicated by .H.H.H flashing on the display. Bo mot
imterrupt tMs cycle. For a complete description of this process, see page 10.

^- If any error message, such as .H.L.P or .L.L.L appears on the display, see the
Troubleshooting section on page 20.

Adjust the sensor zero by pressing the ZERO button and turning the zero adjust screw
located under the handle. Adjust until the display reads 0.

° The instrument is now ready to sample. Note that as the instrument measures .mercury,
the ZERO will display H. Bo mot adjust the ZERO after the mstnBmeBnC Basis
measured mercuiiry amd before the raext regemeratioe. (Occasionally the ZERO may
drop to L (for low) between the initial zeroing and the" first sample. It is OK to readjust
the ZERO if the instrument has not measured mercury.)

° The instrument is designed for work space air monitoring. Press the SAMPLE button to
start a 12 second sampling cycle.

° BO NOT allow the probe or the inst™ meet's intake to come inn comtact wnth MqinMs.
° Note that the instnimemt is not explosion proof.

After the day's survey, again perform a sensor regeneration. When complete, store the
instrument with the zero air filter in the intake.

If you have aoy questions call AZI Customer Service, or your Techmical Sales
Representative, at 1-800-528-7411 or 1-602-470-1414



2 INTRODUCTION

The Jerome 431-X Gold Film Mercury Vapor Analyzer is designed for the easy and accurate
analysis of mercury vapor in the workplace environment and for the location of mercury spills.
The 431-X is easy to operate and has few maintenance requirements however, please take a
moment to read this manual before attempting operation.

The Jerome 431-X is an ambient air analyzer with a range of 0.001 to 0.999 milligrams per cubic
meter (mg/m3 Hg). If you have any questions about your application or operation, please call
AZI Customer Service at 800-528-7411 or 602-470-1414 for assistance.

2.1 FeafoiDires tofftflh®

Automatic sensor regeneration when equipped with the communications option and used
with the Jerome Communication Interface Software (JCI) program and the Jerome data
logger. ^ _
Regulated film heat voltage during sensor regeneration. This allows the sensor to clean
properly with voltages from 100-130 VAC (or 200-260 VAC).
Survey mode can be locked in.
DIP switch setting can change the digital meter readings from mg/m3 Hg to namograms
(eg) of Hg (see page 1 8).
The Jerome 43 1 -X can be operated from 1 00- 1 30 or 200-260 VAC. To change the
default voltage range, refer to Setting the Input Voltage, page 18.



3 PRINCIPLES OF OPERATION

Mercury is unique in its ability to alter the resistance of a gold film. The 431-X sensor consists
of two thin gold films, a reference and a sensor, configured in a Wheatstone Bridge Circuit,
which detects very small changes in electrical resistance. The reference film is sealed and not
exposed to mercury. The sensor film is exposed to mercury resulting in resistance changes,
which are measured by the circuit. A microprocessor computes the concentration and displays
the results.

Activating the SAMPLE mode starts an internal pump which draws air through a scrubber filter
and into the flow system. After 2 seconds, the sample solenoid bypass opens, closing off the
scrubber filter from the flow system. The sample air passes through a filter (removing any acidic
gases which interfere with the sensor's response to mercury) and is drawn over the gold film
sensor. The sensor adsorbs and integrates the mercury vapor. Nine seconds after starting, the
sample solenoid bypass closes and the remainder of the sample is drawn through the scrubber
filter and the flow system. The measured concentration is then displayed on the digital meter in
milligrams per cubic meter (mg/m3) of mercury. An internal DIP switch can be used to change
the digital meter display from mg/m3 to nanograms of mercury (see page 18).

Gas Flow Schematic
Scrubber

Solenoid Bypass Closed

Gold
Film
Sensor Solenoid Bypess Open

Gold
Fota
Sensor

The instrument's microprocessor automatically rezeroes the digital meter at the start of each
sample cycle and retains the meter reading until the next sample cycle begins, thus eliminating
drift between samples.

During the sample cycle, bars on the digital meter represent the percentage of sensor saturation.
Approximately sixty-five samples containing 0.1 mg/m3 Hg may be taken before the sensor
reaches saturation. After absorbing approximately 500 nanograms of mercury, the sensor
becomes saturated and needs to be cleaned. This is accomplished by a manually activated 10
minute heat cycle, or sensor regeneration which burns the mercury from the sensor. This
mercury is absorbed on internal filters to prevent any external contamination. The solenoid
bypass closes during the sensor regeneration cycle, causing the air to pass through the scrubber
filter, providing clean air for the regeneration process. The flow system's final scrubber prevents
contamination to the atmosphere from the desorbed mercury.



After a sensor regeneration, it is necessary to bring the two gold films back to a similar
resistance. The ZERO button, along with the ZERO ADJUST potentiometer, are used to reset
the sensor's reference film and sensor film to the same baseline. The sensor may exhibit some
low level thermal drift after the regeneration cycle, due to heat generated during sensor
regeneration. To ensure maximum sample accuracy, wait 30 minutes after a regeneration and
then check the ZERO adjustment. If the display reads 0 when the ZERO button is pressed, the
adjustment has been accomplished. If the display reads H or L, simply turn the ZERO ADJUST
pot with the trimmer tool or small screwdriver to complete the adjustment.

Oily adljiusft ths ZERO pott after a regeuserattiom. It is not necessary to rezero between samples
since the instrument automatically erases the previous reading. If the ZERO ADJUST pot is
manually turned between samples, the results will be slightly lower than the actual concentration.
However, this is not a permanent problem and is corrected with a sensor regeneration.

4 INSTRUMENT OPERATION

Bjjgtal Meter HMspBay Codies

| METER DISPLAY

000

.000

00.0

.8.8.8

.H.H.H

.L.L.L

.P.P.P

.H.L.P

.LO BAT

.E.E.E

.HL

DURING SAMPLING
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EXPLANATION

Ready to sample

Lack of mercury reading

Lack of mercury reading, display in nanograms (see page 18)

Perform sensor regeneration (refer to page 10)

Sensor regeneration in progress (.H.H.H flashes)

Perform re-zero (refer to page 10)

Power cord required or low line power, <100 VAC (or 200
VAC)(see page 19, Changing the Fuse, if .P.P.P remains on after
the cord is connected.)

High line power, greater than 1 30 VAC (or 260 VAC) - -

Recharge batteries (refer to page 13)

Same as LO BAT, automatically shuts off

High level, sample exceeded maximum sample limit (.999)

0-25% sensor saturation

25-50% sensor saturation

50-75% sensor saturation

75-100% sensor saturation



DURING SAMPLING

' • •

WHEN ZERO IS
DEPRESSED

0

H

L

USING THE SURVEY MODE

Survey sampling (minus sign flashes continuously)

Adjust to 0 only after sensor regeneration. It is normal for the
display to read H after sampling has started.

Zero, ready to sample

High, turn Zero pot counterclockwise

Low, turn Zero pot clockwise

4.2 Bally Operations

Before each day's use of the Jerome 431-X, perform the following four steps to verify proper
instrument operation:

Press the power ON button.
^ The digital meter displays 000. (Disregard the digital

meter's initial momentary reading.) Recharge or
replace the battery pack if the LO BAT indicator
REMAINS ON. Refer to pages 13 and/or 17 for the
procedure.

^ To ensure the instrument's electronics have stabilized,
allow a 1 minute warm up before beginning the next
step.

° Perform a sensor regeneration. Refer to page 10 for the
procedure. Thirty minutes after sensor regeneration is complete, rezero the instrument.

NOTE: For maximum accuracy, such as when testing with the Functional Test Kit, wait thirty
minutes after the sensor regeneration cycle to rezero the unit. For emergency
response, such as for spill cleanup, the unit can be rezeroed immediately^after sensor
regeneration

MBBK^^^QSn^^n^^HOTUHBUHBHMH

Press the SAMPLE button.
^ During the sample cycle, the digital meter displays a bar (-) which indicates the

amount of sensor saturation.

At the end of the 12 second cycle, read the digital meter.
5s* The number shown on the digital meter is the mercury concentration in mg/m3. This

value remains on the display until the next sample is taken. The digital meter
automatically zeroes at the start of each sample.

At the end of each day's use perform a sensor regeneration. DO NOT ALLOW
MERCURY CONTAMINATION TO STAY ON THE GOLD FILM SENSOR
OVERNIGHT.



43 Semisoir RegeMeratnoim

A sensor regeneration is needed to clear the 431-X sensor of any accumulated mercury and to
prolong the life of the sensor. This simple procedure should be done:

° At the beginning of the day on which the instrument is to be used.
° During the mercury survey, if the sensor becomes saturated.
° At the end of the day's survey, before storage.
0 At a minium of every 30 days while the instrument is in storage. Regeneration once each

month will prolong the life of the gold firm sensor.

See the Principles section on page 7 for more details on the gold film sensor and the sensor
regeneration.

AC power must be between 100-130 VAC or 200-260 VAC for the sensor to clean properly. If
AC power is not between these limits, aa .P.P.P or .H.L.P may appear in the display (see page 8).
Refer to page 18 for voltage and frequency settings.

CAUTION: Once a sensor regeneration is initiated, DO NOT interrupt the cycle.

° Attach the power cord to the 431 -X and plug it into AC power. AC power is required to
thermally regenerate the sensor.

° Press (She power ON button.
° Press fee REGEN button.

^ Hhe digital meter flashes .H.H.H for the duration of the 10 minute cycle and displays
.0.0.0 whm *© cycle is completed.

2> DO NOT INTERRUPT THIS CYCLE. Wait until the cycle is completed before
continuing with the next step.

.

NOTE: The digital meter will read .P.P.P after REGEN is activated if the power cord is not
plugged in or if the instrument's fuse needs replacing. Plug in the power cord, or if
necessary, replace the fuse according to the procedure on page 19.

While pressing the ZERO button, turn the ZERO ADJUST potentiometer using fte
trimmer tool until the digital meter reads 0. See the illustration on page 6 for the location
of the ZERO ADJUST potentiometer.
>- If the meter reads H, turn the ZERO ADJUST counter-clockwise;
>• If the meter reads L, turn the ZERO ADJUST clockwise.

NOTE: A minimum 30 minute wait after the sensor regeneration cycle is complete ensures
maximum sample accuracy. However, the unit can be used immediately following
the sensor regeneration if necessary. When the sensor regeneration is complete, press
ZERO and adjust the ZERO ADJUST pot until 0 appears on the display. Install the
zero air filter in the intake and take several samples or lock the instrument into survey
mode (see page 12). After approximately one minute, stop sampling and check the
ZERO. Adjust to 0. Repeat sampling through the zero air filter until sensor remains
onO.

10



NOTE: Depending upon internal configuration, a number between 00 and 100 may appear on
the display, instead of H, L, or O when zero is pressed. See Internal Dip Switch
Settings, page 18, for details. IMPORTANT: Do mot tara the. ZERO ADJUST
potentiometer between samples. Turn the ZERO ADJUST only after a sensor
regeneration cycle otherwise invalid readings will result.

a jut l

Press the power OFF button and disconnect the power cord.
° The Jerome 431 -X is ready for sampling.

4A Sampk Mode =

This mode, used for standard operation, produces optimum accuracy (+/-5% at 0.100 mg/m3 Hg)
with the Jerome 431 -X.

° Press the power ON button.
^ The digital meter displays 000. If the unit is set to display in ng, the digital meter

displays 00.0. (Disregard the digital meter's initial momentary readings.) Recharge or
replace the battery pack if the LO BAT indicator REMAINS ON. Refer to pages 1'3
and/or 17 for the procedure.

To ensure the instrument's electronics have stabilized, allow a 1 minute warm up before
beginning the next step.

° Press the SAMPLE button.
>* During the sampling cycle, the bar (or bars) shown on the digital display indicate the

current percentage of sensor saturation. (Refer to Meter Display Codes, page 8, for
code descriptions.)

2s* The bar (or bars) flash after 1 seconds arid again after an additional 7 seconds. This
flashing signals the opening and closing of the solenoid sample bypass. (See the
Principles of Operation on page 7 for details.)

- At the end of the 12 second cycle, read the digital meter.
>• The number shown on the digital meter is the mercury concentration in mgTIh3 (or ng).

This value remains displayed until the next sample is taken. The digital meter
automatically zeroes at the start of each sample.

° When the sensor is completely saturated, the digital meter displays .8.8.8 instead of a
value. No further operation is possible until a sensor regeneration is performed. (Refer to
page 10 for the Sensor Regeneration procedure.)

Press the power OFF button when not in use. Install the zero air filter in the instrument
intake during storage.

11



4.5 SampttBimg Notes

0 The Jerome 431 -X is intended for vapor use only. DO NOT allow the probe or the
instrument's intake to come in contact with liquids, dust or other foreign material.
Moisture or liquids drawn into the instrument can damage the sensor and flow system.

° The Jerome 431 -X operates a minimum of 6 hours on a fully charged battery.
° Use the probe (AZI P/N1400-2002) to locate mercury vapor in hard to reach places. Plug

the probe directly into the instrument's intake.

4L(5i Sanirvey Mdtdlg = =____======

The survey mode takes samples every 3 seconds automatically. Use this mode to locate mercury
spills or to assess areas of potentially high mercury concentrations. Sampling in the survey mode
is not as accurate. Due to the decreased sample volume, the accuracy of the instrument is
reduced to +/- 20% @ .100 mg/m3.

° Press the power ON button.
5> The digital meter displays 000. If the unit is set to display in ng, the digital meter

displays 00.0. (Disregard the digital meter's initial momentary readings.) Recharge or
replace the battery pack if the LO BAT indicator REMAINS ON. Refer to pages 13
and/or 17 for the procedure.

>• To ensure the instrument's electronics have stabilized, allow a 1 minute warm up
before beginning the next step.

° Press and Undid the SAMPLE button.
^ The instrument takes a normal 12 second sample, displays the concentration at the

end of the cycle and then goes into the survey mode sampling every 3 seconds. The
display flashes the measured concentrations at the end of each 3 second sample cycle.

When you are finished surveying, release the SAMPLE button.
^ The final survey value remains displayed until the next sample is taken.

NOTE: Approximately 65 samples at. 1 mg/m3 may be taken before a sensor regeneratioirig'-

To lock 4to® iEsinnmeimtl: m a suiirvey mode:
^ Hold the SAMPLE button down until the sensor status indicator bar(s) "_" begins

flashing on the display.
>" Press the ZERO button, then release the SAMPLE button.
^ The pump should continue to run and the display should update every 3 seconds.
^ The instrument remains in the survey mode until one of the following occurs:

£> The sensor is saturated
J> A LO BAT (low battery) signal is encountered
£> An HL (high mercury level) is encountered
2> The instrument is turned OFF.

Press the power OFF button when not in use.

12



4.7 Operating on AC Power or Generator

For stationary use, the 431-X may be operated on AC power. Operating the instrument only on
AC power eliminates the need for the battery pack and its necessary maintenance. If preferred,
the battery may be unplugged or removed completely.

When using a generator to power the Jerome 431-X, it is important that the generator is capable
of maintaining a constant voltage output. This is especially trine dBirimg toe sesusor"
regemeraftiomi. Use a high quality line conditioner or voltage regulator to prevent damage to the
electronic components and the sensitive gold film sensor.

4.8 Operating OM Internal Battery Power

Battery power allows use of the Jerome 431-X as a portable instrument. If battery power is
necessary for use, please be aware of the following:

° A fully charged battery pack (AZIP/N Z4000-0907) provides power for a minimum of 6
hours of operation.
For operating more than 6 hours, an extra fully charged battery pack is needed.

° Complete battery recharging takes 14 hours. Refer to page 13, Charging Batteries for
instructions if needed.

° The 431 -X use a rechargeable NiCad battery. Dispose of the old battery properly when it
is replaced with a new one.

° Eternal battery power: A special version of the Jerome 431-X is available that can be
operated from a secondary DC source, such as a battery used in conjunction with solar
panels. Contact AZI for additional information.

4.9 Clhargimg Batteries

° Press the power OFF button.
° Attach the power cord to the 431 -X and plug it into AC power.
° Complete battery recharging takes 14 hours.

The 431-X contains a trickle charger so it may be continually plugged into an-AC power
source without damaging the battery pack.

NOTE: To charge the batteries outside of the instrument, use the IDC Battery Charger (AZI
P/N 4000-1011, for 115 VAC, P/N 4000-1012, for 230 VAC).

13



4.1(0 OtaoRuiirag Maximum Battery Life

There are certain inherent limitations to NiCad (Nickel Cadmium) batteries. The primary
limitation is a memory effect that occurs when the batteries are partially discharged and then
recharged, repeatedly. This memory leads to a drastic reduction in the usable battery life. To
prevent this memory effect, periodically allow the battery pack to discharge completely, then
recharge the battery pack.

For maximum battery life, follow these 3 steps:
>* At least once a month wait until LO BAT appears on the digital meter before

recharging the battery pack.
>• Charge the battery pack when the LO BAT indicator comes on. Excessive discharge

can damage the battery pack. Before storing the instrument verify the power is OFF.

° When batteries fail to hold a charge, the battery pack should be replaced. Battery life
under normal usage is approximately 1 year, depending on the number of charge and
discharge cycles.

5 MAINTENANCE

Preventive ManuBteimsiffiic©

To keep the Jerome 431-X operating at peak performance, follow the maintenance schedule
below. Use this schedule as a guideline only, as maintenance is more a function of application

ALWAYS SrastfaEll flBne zero air filter tato As rastfrainnieinifl's nratolkfi dunning storage.

PART/COMPONENT

Charge batteries

Change .25mm fritware

Change internal filters*

Replace zero air Filter*

Factory calibration

Calibration check

Replace batteries

MAINTENANCE CYCLE

At least once per month, after one month's
storage, or when LO BAT appears

Weekly or as needed

After 6 months of use or as needed.

Annually

Annually

Monthly or as needed

Annually or as needed
The battery pack contains NiCad batteries.
Dispose of them properly.

PAGE

13

15

16

16

19

29

17

* C/M filters contain Mallcosorb™, Scrubber filters and zero air filters contain Resisorb™.
For safety information, see the supplier's Material Safety Data Sheets (MSDS) or call AZI
Customer Service at 1-800-528-7411 or 1-602-470-1414 for assistance in obtaining the
MSDS. Dispose of all filters properly.

14



5.2 . Ftow System

The Jerome 431-X's flow system is the crucial link between the sensor and the sample. For the
instrument to perform correctly, the flow system must be properly maintained. The user
maintainable components of this system are the intake filter (.25 mm fritware), a C/M filter, two
scrubber filters and connecting tubing.

Check the Preventive Maintenance Calendar, page 14, for a suggested schedule for changing
filter disc and filters. The Tygon™ tubing in the system must be free of crimps for proper flow.

° Replace the .25mm Fritware once each week. In
dusty environments, the fritware may need
replacement as often as once a day. Replacement
.25mm Fritware are available from AZI, Technical
Sales, 1-800-528-7411 or 1-602-470-1414, (see
Accessories & Maintenance Parts on page 25).
2s- Unscrew and remove the intake from the

instrument.
2s- Push the old fritware disc out using your trimmer

tool.
2s"- Use tweezers to insert the new fritware. Avoid

touching the new fritware disc with fingers.
>" Use the blunt end of the trimmer tool to seat the

fritware disc firmly against the inner ledge of the
intake.

^- Screw the intake back on the instrument.

Figure 4 Remove Intake

Fritwsire
FSgure S Insert

Fritware

CAUTION
The air flow intake, on the front of the instrument, must be securely held in.place. If it is loose,
the tubing inside the instrument can become twisted when the intake housing is replaced. On

older instruments, it may be necessary to open the instrument and tighten the retaining nuts from
the inside. Call AZI Customer Service at 1-800-528-7411 or 1-602-470-1414 if you have any

questions. — — I

15



5o3 Imtenniafl FiBters

Replace the internal filters system (one C/M filter and two scrubber filters) after six (6) months
of use, or as needed. (See Troubleshooting section, page 20.)

° Press the power OFF button and unplug the power cord.
° Remove the 2 side screws from the intake end of the instrument and open the case.
° Carefully disconnect the Tygon™ tubing from both ends of the filters and discard the old

filters.

CAUTION:
The Series C/M filter contains Mallcosorb™ and the Scrubber Filters contain Resisorb™.—

Both (types contain trace amounts of mercury. For safety information, see the supplier's Material
Safety Data Sheets (MSDS) or call AZI Customer Service at 1-800-528-7411 or 1-602-470-1414
for assistance in obtaining the MSDS. Use proper disposal methods for all filters.
1 • .- - • - !~ "̂- : ~ ^~- -~~,; J -J- —•-••. .-..»-.C . . - •-•. "T ---«_— •k^..rLr-i4W.. - cf. i..t.TT7-:^" •'. *~- ~ . -. . ..:—.«.*-—^., -w.-." i_ .^^ w- . ̂ ,,_, t-̂ î̂ F^Srî i —-f^f

Connect the new filters to the Tygon™ tubing, ensuring all filter straight nipples point
toward the intake and elbows point according to the illustration.
^ Push the Tygon™ as far as it will go onto the filter fittings.
Push the filters into the mounting clips.
Remove any crimps in the tubing and ensure that tubing connections are secure.
Close the case and replace the screws.
Dispose of all filters in accordance with State and Federal EPA Regulations.

16



5.4 Replacing Bafttery Pack

Press the power OFF button.
Unplug the power cord.
Remove the screws, one on each side, from the
intake end of the instrument and open the case lid.
Disconnect the battery connector from the board.
Loosen the two (2) captive screws holding the
battery bracket and remove the bracket.
Remove the old battery pack and replace it with a
new battery pack.
Replace the battery bracket and tighten the captive
screws.
Connect the new battery connector to the board.
Close the case and replace the screws.
Dispose of the old NiCad battery properly, in
accordance with State and Federal EPA
Regulations.

17



6 INTERNAL DIP SWITCH SETTINGS

(5.1 Imipmift VanMsige amdl Fireopeinicy

This instrument has been factory set and calibrated to use the input power setting, either 110
VAC, 60 Hz, or 220 VAC,._50 Hz, requested when the instrument was ordered. The settings are
easily changed using the switch in the Power Inlet Module for voltage and the internal DIP
switch setting for frequency.

Enswe fee instrument is toned OFF
and implugged.
Locate the power receptacle on the
rear of the instrument.
Insert a small screwdriver in the
voltage selection slot and ton the
selector until the arrow points
toward yonir setting choice and a
click is heard.
Turn the instrument off.
Remove the two screws near the
front of the instrument and open the
lid.
Locate DIP Switch SW2 at the top of

Set DIP Switch SW2 position #1 and

SOHz

OFF

ON

Position #1 OFF

Position #6 OFF

V""

BMspBayMg Namspgrams on* MiBBigramas/Cmbk Msteir

The instrument is factory set to display mg/m3 (milligrams per cubic meter) Hg (.XXX). For
some applications, including dosimeter analysis, the instrument's display can be converted to
display nanograms.

° Turn the instrument off. Remove the two screws near the front of the instrument and
open the lid.
Locate DIP Switch SW2 at the top of the main circuit board. See figure above.
Place position #2 to OFF for Nanogram display.
Return position #2 to ON for Milligram display.

18
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6.3 Changing the Fuse

If the instrument display reads .P.P.P when the instrument is connected to AC power or when
REGEN is pressed, or if the battery will not charge, the fuse may need to be replaced. The AC
line power could also be less than 100 VAC (220 VAC). Check the fuse with an ohm meter
and/or the AC line power with a voltage meter.

° Locate the power receptacle on the rear of
the instrument.

° Insert a small screwdriver in the slot and
gently slide the fuse compartment out.

° Check the fuse held in the open sided clip
and if it is bad, replace it with the spare
fuse held in the sliding spare fuse
compartment. Discard the bad fuse.
>• When it is convenient, replace the spare

fuse with another 1A 250V Fast-Bio
fuse (AZIP/N 5100-1012).

Replace the fuse compartment in the power
receptacle.

7 CALIBRATION

The Jerome 431-X's gold film sensor is inherently stable and does not require frequent
calibration. The interval between calibrations depends upon the application and frequency of
use; however, the recommended minimum or maximum interval is every 12 months.

The Jerome 431-X has been factory calibrated using MIST traceable permeation tubes. In order
to calibrate the Jerome 431-X, a sophisticated calibration system is required that ensures stability
of the calibration gas source, eliminates any pressure in the calibration gas stream and controls
the temperature of the calibration environment. Calibration also requires special proprietary
software. This system has an estimated uncertainty of ±3.5%.

We strongly recommend you take advantage of our calibration and maintenance service at
Arizona Instrument. A certificate of calibration is issued by Arizona Instrument when your
instrument is factory calibrated to 0.100 mg/m3. Two additional calibration points, 0.010 and
0.025 mg/m3, are available upon request at additional charge. Contact Arizona Instrument
Customer Service at 1-800-528-7411 or 1-602-470-1414 for assistance in obtaining calibration.

7.1 Verifkatfiomi off CaBibratioBi and Quality CcmtroB

The Functional Test Kit, AZI P/N 4431-0902, is used to determine if your instrument is within
calibration tolerances between recommended annual factory calibrations. If your application
requires frequent verification of instrument function, this test demonstrates the unit's operation,
calibration, and function. This test verifies proper instrument operation through the introduction
of a known mass of mercury into the Jerome analyzer and allows you to have complete
confidence in the sample results.
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Recording the Functional Test Kit results in an instalment log provides a quality control/quality
assurance record of instrument function between regular calibrations. As long as the test results
fall within the expected range, you may assume the instrument is functioning correctly.

THIS FUNCTIONAL TEST DOES NOT CALIBRATE THE INSTRUMENT.

A complete description of the Functional Test Kit procedures is contained in Appendix A,
beginning on page 29.

To order the kit, contact Arizona Instrument Technical Sales at 1-800-390-1414 or 1-602-470-

TROUBLESHOOTING

Cams®

Unit does not turn ON. LCD
displays 000 when connected to
power cord and ON button is

Dead battery Recharge battery (minimum 14
hours) refer to page 13.

Replace battery, refer to page 17.

Unit does not tarn on when
connected to AC power cord.

Fuse

Insufficient power

Replace fuse, refer to page 19 .
Be sure there is power to the AC
outlet using a volt meter.

LCD displays .8.8.8. Sensor saturated Do not attempt to rezero. Unit
must be regenerated. See page 10
for information.

LCD displays .L.L.L when
taking first sample.

Changes in
temperature

Readjust zero pot. See page 6 for
information .

LCD displays H at finish of
sensor regeneration

Internal
contamination may
redeposit mercury
from flow system
onto gold film
sensor.

Remove and replace intake filter
disk, Tygon™ tubing and internal
CM filter. Check tubing for kinks
or crimps. Repeat regeneration
cycle. See page 10 for information.

Zero adjust pot cannot be
adjusted to 0

Pot not turned
sufficiently

Turn zero adjust up to 20 times to
reach the end. Pot will "click"
softly.

Display still unchanged Sensor may be
ruptured or pot may
be broken

Turn pot slowly in opposite
direction till display reads 0. If still
unchanged, call AZI Customer
Service.
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Symptom

g •

Air flow is restricted during the
sensor regeneration cycle,
causing possible permanent
damage.

Kinks and crimps in
the Tygon™ tubing.

Periodically check the Tygon™
tubing inside the instrument.

High erratic results Internal mercury
contamination

1. Install zero air filter in intake and
tighten intake nut. Press SAMPLE
button. After 3 samples, if readings
are over .003 mg/m3, replace intake
filters and Tygon tubing.

2. Perform a REGEN with zero air
filter in intake. See page 10 for
information. Retest if necessary.
Replace intake filters and Tygon™
tubing.

High/erratic results
Readings vary more than 0.05
when in survey mode.

Film connection Press and hold SAMPLE button for
12 seconds in clean area or with
zero air filter in intake. Move unit
from side to side, or up and down
during sample cycle. Call AZI
Customer Service.

Low response or erratic readings
after a long period of non-use

May need a second
regeneration cycle.

Wait 20 minutes between
regeneration cycles. Test with
FTK. See page 29 for information.
If still unresponsive, call AZI
Customer Service.

False readings, may go to .8.8.8
or .L.L.L

Extremely cold or
extremely warm air
sampled into unit

If sampling under thesejiqnditions,
install zero air filter in intake.
Sample until display reads .003
mg/m3 or less. This equilibrates
sensor temperature with the
temperature of the sample air
stream. Remove filter and take
samples.

High/erratic results Intake and internal
filters may get
clogged and need
replacement when
sampling in a dusty
area

Open instrument to check for
pinched, crimped or disconnected
internal tubing. In extreme
conditions a particle filter may be
installed on intake.
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9 JEROME 43I-X TECHNICAL SPECIFICATIONS

Range

Sensitivity

Precision

Accuracy

Response time-sample mode

Response time-survey mode

Flow rate

Power requirements

Batteries

Fuse

Construction

Dimensions

meter

Operating environment

0.001 to 0.999 mg/m3

0.003 mg/m3 Hg

5% relative standard deviation @ 0.100 mg/m3 Hg

+/-5%@0.100mg/m3Hg

12 seconds

3 seconds

750cc/min (0.75 liters/min)

100-130 VAC or 200-260 VAC, 50 Hz or 60 Hz,
115 watts maximum

Rechargeable Nickel Cadmium

1A 250V 5X20 Fast Bio

Aluminum alloy

15 cm x 33 cm x 10 cm (6" w x 13" 1 x 4" h)

3.18 kilos (7 pounds)

Liquid crystal display (LCD)

0° - 40°C, non-condensing, non-explosive

_9J OptgomiaiB "CommiraksitfiidJinis99 Versnom

Alarm output 30V DC, 100mA

Dosimeter power output For dosimeter analysis

Data output 1. Digital, Serial, RS232, Baud Rate 1200 for use with
Data Logger, Base Station, and/or JCI program
software

2. Digital, Serial, RS232, data format, but with driver for
20mA capability and 0 & 20mA logic levels; Baud
Rate 1200 (special industrial applications)

"OPTION 1OARB"

Data output

Auto sample interval

Auto regeneration
interval

0 - 2V or 4 - 20 mA

5, 15, 30, 60 minutes

6, 24 or 72 hours
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9.2 Instrument I/O Interface

The 43 1-X I/O port (25 pin D-sub) has six functions:
Serial communication channel, RS-232

Pin 1 Protective ground

Pin 2 Data in

Pin 3 Data out

>• Interface type RS-232C full
duplex, DCE

^ Communication parameters -
1 200 Baud, 1 start bit, 8 data

Pin 7 Data ground bits, 2 stop bits, no parity

Serial communication channel, 20mA current loop

Pin 1 Protective ground

Pin 4 Data out (+)

Pin 5 Data in (+)

Pin 14 Data out (-)

Pin 16 Datain(-)

Alarm output

Pin 9 Switched battery+

Pin 10 Alarm output (open
collector, active low)

• Interface type: 20mA
current loop, full duplex

Communication parameters
- 1200 Baud, 1 start bit, 8
data bits, 2 stop bits, no
parity

>• Maximum voltage, 30 VDC

^ Maximum current 1 OOraAmp

Battery ground

Battery ground

Dosimeter enable >• Voltage, 24 - 28 volts AC

Connecting pin 22 to 23
enables the dosimeter
desorption cycle.

Pin 7

Pin 23

Dosimeter power

- Pin 22

Pin 23 Battery ground

Pin 12 & 24 Tied together Dosimeter power

Pin 13 & 25 Tied together Dosimeter power

Switched battery connection for data logger

Pin 9 Battery +

Pin 7 Battery ground

Pin 23 Battery ground

Unswitched battery connection for external battery pack pin assignments

Pin 15 Battery +

Pin 19 Battery+

Pin 7 Battery ground

Pin 23 Battery ground

NOTE: Pirns 6, 8,11,17,18, 2<D
aradl 21 should mot foe cdmnnmecited.
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9.3 FoftennftiisiH Imterffereinices

Potential interferences to the Jerome mercury vapor analyzers are rare and most of these can be
eliminated with proper maintenance procedures. However, erroneously high readings can
sometimes occur. Here are a few things to be aware of when using the instruments.

The gold film sensors used in the Jerome mercury vapor analyzers do not respond to the
following compounds:

« CO, CO2, and SO2

° Water vapor (Note that water vapor condensation on the gold film can cause irreparable
harm to the sensor and must be avoided.)

The acidic gas filter, contained in the internal filter system, removes the following compounds
that cause the gold film sensor to respond:

° Chlorine
- NO2

- Hydrogen Sulfide (H2S)
° Most mercaptans (organic sulfur compounds or "thiols")

In areas containing these highly volatile compounds, the filter can become quickly saturated. In
such situations, it is recommended that these gases be allowed to dissipate before sampling for
the less volatile, more persistent mercury vapor. A special filter designed to remove chlorine gas (x&
is available from Arizona Instrument and may be ordered as Chlorine Filter, AZIP/N
Z2600-3940. Collection of air samples with Jerome gold coil dosimeters for analysis by the ^~"
Jerome mercury vapor analyzers will also eliminate interferences.

Ammonia in very high concentrations can cause an offgassing of accumulated acidic fumes from
the internal acidic gas filter, resulting in positive readings on the instrument. In these cases, the
ammonia odors are very strong. Again, either allow the vapors to dissipate or use the dosimeters.
Filter replacement at regular intervals, or when unexpectedly high readings are encountered in
areas of these potential interferents, may resolve these problems. "

Volatile mercury compounds in general will cause the gold film to respond. Alkyl organic
mercuries such as methyl mercury (and other "straight chained" compounds) are typically
extremely volatile and change the electrical resistance of the gold film sensor. Any such
responses should be considered "qualitative," molt quantitative. The instruments are designed and
calibrated to elemental mercury vapor only.

Inorganic mercury salts such as mercuric chloride are not very volatile. They may, however,
generate some minute level of elemental mercury vapor to which the instruments will respond.
This response, again, should be considered a qualitative response only.
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ACCESSORIES & MAINTENANCE PARTS

Accessory Kit, Y431-09OT

1 *"" '' -^ 'MNU -J^ -V^VMi :r^'v •'•'•• "J-.'

'̂ • ̂ '"nT"1^^ '̂ ^-r^
Figure 12 Probe, 1400-2002

Fligiuirc 115 Tubing
Adaptor, H 400-3010 Figure 114 Trimmer Tool, 2300-0001

This Manual, SS-086

FumctnomaB Tesff Kid, Y431-0902

Figure 18 Stopper Assembly, A2600-0902

/:vv*>A;:-;:V:v^!V^ .
^^r-v^^^-xlfli^^

Figure 21 Septum Holder,
Z2600-3914

Figure 23
Syringe Needles,
22 Ga. Reusable,

2600-0022 Figure 22 Syringe Assembly, A2600-0903
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KM, Y431-09([]>3

Figure 28 Zero A5r Filter, Fogyr® 2S
27 C/M Fitter, Z2S©©=3i)2i

Figure 32 Dosimeter
Pump DC Supply

4000=1023-115VAC
•1024-230 Euro

Figore 3S Zero
Z2SOO-3905

H/8", 2',
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Accessories

In addition to the parts listed in kits, which may be ordered individually, the following
accessories and replacement parts are available.

fll

The custom designed Field Carrying Case
holds the Jerome 431-X, Personal
Mercury Dosimeters, Filters, Tygon
Tubing, Probe, and Power Cord in foam
padded safety. Openings allow full use of
the instrument without removing it from
the case.

Figure 38 Field Carrying Case, Y1400=0052

230 VAC Battery Charger, 4000= 115 VAC Battery Charger,
1012 4000-1011

Fuse, H Amp,
250V,

5100-1012

Figure 43 Line Cord, 220
VAC, British,

200-0003

Figure 44 Line Cord,
220 VAC, Continental Europe,

200-0008

^w^^m^^K^f^^s Figure 45
Tube Mud
PS-151

Figure 47 Chlorine Filter, Z2600-3940
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AvanBaWe Ibml Nod Slhowm

Y411 -0904 031 /411 Carrying Case Assembly, Holds the Jerome 431 -X, Personal ;.,
Mercury Dosimeters, and Accessories in foam padded safety ^-

Y031 -0902 DC Power Kit - available on special order

For current prices and delivery information, call AZI Jerome Sales at 602-280-1414 or
800-528-7411.

11 FACTORY CALIBRATION SERVICE

Service includes filter replacement, component check and calibration and instrumefflfl calibration
to NIST (traceable standards. A certificate of calibration is issued by Arizona Instrument when
your instrument is factory calibrated to 0.100 mg/m3. Two additional calibration points, 0.010
and 0.025 mg/m3, are available upon request at addition charge.

Loaner instruments are available upon request. For pricing, availability, and scheduling, call AZI
Customer Service at 800-528-7411 or 602-470-1414. You may use e-mail at sappogt@azic.cQm
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12 APPENDIX A , 431-X FUNCTIONAL TEST

If your application requires frequent verification of instrument functionality, this test will benefit
you. If the test results fall within the expected range, you may assume the instrument is
functioning properly. This test does not calibrate the instrument.

NOTE: Perform the functional test ONLY after a sensor

The 431-X Functional Test Kit contains all accessories necessary to perform the functional test.
See the complete list on page 25 and verify that all the parts to the kit are present.

CAUTION:
The vial &nd thermometer conitaim liqunid mercury amd are possible sources off mercery

comitamraatioE. Follow the nmstronctionis for handling or CramsferriEg Che mercery into (tide
Fractional Test Kilt Vessel carefuJIy.

For safety information, see tide supplier's Material Safety Data Sheets (MSDS) or call AZE
Customer Service at 1-800-528-7411 or 1-602-470-1414 for assistance i:

MSDS.

12.1 Freparatloia

° Carefully unpack and inspect the parts of the kit.
° ENSURE that the mercury shipping container and mercury filled thermometer are not

broken.
° In a ventilated area, preferably under a fume hood, remove the mercury vial from its

shipping container.
° Place the functional test kit vessel and the mercury vial close to each other and open the

mercury vial.

The edge
are mot
outer

CAUTION:
the plastic case and the glass tanner vessel of the

emoBBgh to prevemt mercury from entering the area
ENSURE the mercery, handled in the raest step, does

with the seal where the giass and plastic portions joim

nest Mil vessel
mine ammeir and

corani® m coimtsict
I

NOTE: The vessel may be disassembled to transfer the mercury and better prevent
contamination of the outer portion of the vessel. Instructions to disassemble the
vessel can be found on page 30.
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12.2 Merciury Trairasfer

CAREFULLY pour the mercury into the center of the functional test kits vessel's
opening.
^ ENSURE that no mercury residue is on the outside of the vessel. See the supplier's

Material Safety Data Sheets (MSDS) or call AZI Customer Service at 1-800-528-
741 1 or 1-602-470-1414 for for clean-up instructions.

° INSTALL the stopper assembly into the functional test kit vessel carefully, to prevent
breakage of the thermometer;
^ PRESS the stopper assembly into the vessel to achieve a good seal.

° USE the 43 1 -X instrument to verify that the outside of the vessel is not contaminated and
the mercury vapor emission level, if any, is below the OSHA TLV for mercury.

° ALLOW the kit to adjust to room temperature for at least two (2) hours before using.
^ The temperature range for the test is 1 8-22°C. Avoid temperature fluctuations.

CAUTION:
Do not use the calibration vessel as a portable container. If the calibration vessel is upset or
greatly agitated, mercury droplets will cliag to the thermometer stem, the rubber stopper, the

mouth of the calibration vessel and the needle guide.

112,3 Vessd

CAUTION:
The inner portion of the vessel is made of glass. Handle the vessel carefully to prevent breakage.

- LOOSEN, BUT DO NOT REMOVE the base of the vessel. The base unscrews from the
body.

° SET the vessel on a firm surface. °" ~

° HOLD the base stationary and unscrew the body from the base.

° HOLD the base and the inner glass vessel with one hand while removing the body and
gasket with the other hand.

° After the mercury is transferred into the glass inner vessel, reassemble in the reverse
order.
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12.4 Replacing MercMry

An oxide coating will form on the drop of mercury and will cause lower readings in your testing.
Gently swirl the vessel to disturb the outer oxidized surface of the droplet. If this does not
restore higher readings, it may be necessary to replace the mercury.

° Carefully remove the stopper assembly from the calibration vessel.

CAUTION:
BE SURE NEEDLE GUIDE IS FREE OF LIQUID MERCURY.

° Carefully pour the mercury into a disposal vessel. Refer to Vessel Disassembly
Instructions on page 30.
^ Mercury can become trapped between the plastic calibration vessel and the glass

inner-liner.

° Replace the oxidized mercury with approximately V-i cc fresh mercury. (AZI P/N A2600-
0904)
^ Do NOT use the syringe for measuring liquid mercury. Dispose of oxidized mercury

properly.

° Reassemble the calibration vessel.

° Reinstall the stopper assembly.
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12.5 SyrimgeTechmqiMe

Pull and hold the syringe plunger
against the bar-stop.
Verify that the black mark on the
syringe plunger aligns with the Ice
mark on the syringe barrel.
^* If it does not, the holder

assembly must be adjusted. Call
AZI customer service at 602-281-1745 or 800-528-7411 for assistance.

Insert the needle into the needle-guide of the bottle
stopper.

Operate the plunger two or three times to pump mercury
vapor into the syringe. On the final stroke, pull and hold
the plunger against the bar-stop.

Holding the plunger against the bar-stop, remove the
syringe from the bottle and move it to the septum attached
to the instrument intake.

Figure 50 HoW
againsS Bar-Stop
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•0
Continue to hold the plunger against the bar-stop and
insert the syringe needle into the septum.

° Press "SAMPLE" on the instrument.

When the display flashes, release the plunger and allow gravity to
feed the mercury vapor into the airstream. If the plunger stops,
gently press it completely closed.

Remove the syringe needle from the septum.

Figure 53 Remove
Needle from septum

Figure 52 Gravity pulls

F&BHictlomal Testt Procedure

NOTE: Perform the functional test ONLY after a sensor regeneration.

° Allow the calibration vessel to remain stable at room temperature for at least 2 hours.
> The temperature range for the test is 18° - 22°C.
>* Temperature fluctuations during the test procedure will produce erratic results.

° Replace the .25mm fritware.
>• Refer to page 15 for instructions.

° Replace the septum on the septum holder assembly.
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Plug the tubing adapter end of the septum assembly into the instalment's intake and
tighten the intake tube nut.

NOTE: To check for a tight seal, gently pull on the septum holder assembly. If it comes out
of the intake, it may be necessary to remove the intake tube from the instrument and
firmly press the tubing adapter through the intake. Tighten the intake tube firmly to
the intake stem.

Attach a zero air filter to the septum assembly.

° Press power ON.

° Take 3 samples.
• ^ If the average meter reading is greater than .005, stop here. The instrument may be

contaminated. See the Troubleshooting section, page 20.
^> If the average meter reading is less than .005, continue to the next step.

° Note the temperature of the calibration vessel.

° Press the SAMPLE button, wait 2 seconds and wto£M fltofi display fflfflslhss, inject 1 cc of
mercray vapor according to the syringe technique described on page 32. Be sure all
mercray vapor has been injected before the solenoid closes (second click and display

CAUTEON:
CaireMlly follow tttoese nimsftniicftiiinnnis to mmSmimfae erirgr.

Record the meter reading.

Repeat the instructions for mercury injection three more times.
5s" The readings obtained for the last three Ice injections should be within +/- 5% of each

other. __ ^

° Refer to the Temperature Conversion Chart, page 35, for the acceptable range.
^ The average of the last three readings should fall within the range shown on the chart.

IKFttCae averae S§ wlUMim i r a m e tftne JEROME 431-X is ffmnracttnoimfiini,

If the last three readings are not within +1-5% of each other,

5> Perform a sensor regeneration. Press ZERO and turn the ZERO ADJUST (refer
page 10 in the 431-X manual for the complete sensor regeneration procedure).

5s" Wait 1 hour before proceeding to the next step.
^ Repeat .the mercury injection test procedure.
^ If the average of the last three readings is still not within range, refer to page 35

Functional Test Troubleshooting.

to
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431-X Temperature Cosiversioro Chart

Temperature _. .t .,,, t „
. r or Digital Meter Response
ID \*s

16

17

18

19

20

21

22

23

24

.091 to.123

.100 to .135

.108 to.146

.118 to.159

.129 to.174

.138 to.187

.151 to .204

.164 to .222

.17710.240

12.7 Fmumc^oanaB

If you don't achieve good results with the functional test procedure, check the following:

Me§Mlts Sjjtattiiuffli

Too low Be sure to inject the Hg vapor ONLY after the display flashes
(approximately 2 seconds after SAMPLE is pressed).

Typically too high Ensure the calibration vessel temperature is stable.

Too low Ensure there is no oxidation on the mercury drop in the calibration
vessel. Gently swirl the mercury drop in the calibration vessel.
Replace if necessary. ~~ ~"

Too low Ensure the instrument's intake is not blocked with foreign matter.
Check flow with a flow meter.

Too low Ensure syringe is calibrated to Ice. Use a new syringe needle.
Straighten or replace crimped or blocked internal tubing.

If you find the above does not solve your problem, please call AZI Customer Service at
800-528-7411 or 602-470-1414.
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13 APPENDIX B - PERSONAL MERCURY BOSIMETER '

The gold coil personal mercury dosimeter is a unique collection device for mercury vapor. The
Jerome 431-X Gold Film Mercury Vapor Analyzer and the Personal Mercury Dosimeter
determine personal exposure levels and ambient air concentrations, as well as low levels of
mercury in natural and stack gases

For personal sample collection, the dosimeter is worn as close to the wearer's breathing zone as
possible and is connected by tubing to a pump usually worn on a belt. The dosimeter can also be
used for multiple point area monitoring by placing a dosimeter, with pump attached, in various
strategic locations.

We recommend a pump flow rate of 2 cc/minute for the most accurate results when sampling in
an atmosphere that for eight hours may contain an average of .5 mg/m3 Hg. If you are
considering using any other flow rate, see page 40, Nonstandard Flow Rates.

After sample collection is completed, the dosimeter is inserted in the Jerome 431-X's intake. A
dosimeter lead set is connected between the dosimeter and the DB-25 connector on the back of
specially equipped instruments. The instrument supplies power to volatilize the accumulated
mercury from the dosimeter to the gold film sensor. The Jerome 431 -X determines the mass of
mercury collected by the dosimeter in a 17 second analysis. The dosimeter is ready for
immediate re-use after a mercury measurement has been performed.

O.H IDdDSDiimKgteir Ttscltoiicgill SpsofflottJkDiiBS*
"-C

Sensitivity < 0.5 x 10-9g Hg

Precision 15% RSD @ 0.100 mg/m3 Hg

Accuracy 15% @ 0.100 mg/m3 Hg

Recommended flow rate 2 cc/min (0.002 liters/min) for 60 cc/min for 100% collecting
atmospheres of 0.5 mg/m3 efficiency in atmospheres with

lower concentrations ~~ ~"

Construction Nylon/Glass

Weight 1.5 ounces

Dimensions 0.5" dia. x 4.5" 1

Capacity IGOOXlQ- 'gHg

Analysis Time < 2 min

* Based on 2 cc/min flow rate
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O.2 Before Sampling with the Dosimeter

The personal mercury dosimeter adsorbs mercury vapor over a period of time. Therefore, before
each day's use it is necessary to ensure the dosimeter is mercury free. Perform the following
steps to remove any accumulated mercury.

° Connect the system as shown.
^ Insert the dosimeter's large end in the 431-X's intake and gently tighten the intake tube

nut to ensure an airtight seal.
^*~ Connect the Dosimeter Lead Set clips as shown, Short red lead to the rear and long

black lead to the far end.

° Attach the power cord to the 431 -X and plug it into AC power. AC power is required to
heat the dosimeter.

° Attach the Dosimeter Lead Set 25 pin connector to the respective 25 pin communications
port.

° Press the instrument's power ON button. ~~ ~"

° Press the instrument's SAMPLE button.
^ The digital meter reading will appear in 15 seconds.

° Wait 60 seconds and press the SAMPLE button again.
>- The digital meter should display less than 0.005, verifying all mercury has been

removed from the dosimeter coil.

The dosimeter is ready for sample collection.

NOTE: For best results, dosimeter analysis should be performed immediately after collection.
If analysis cannot take place immediately, place the red end caps on the dosimeter.
For accurate results, perform dosimeter analysis no later than five days after sampling.

S^^
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0.3 Amalysss

NOTE: Wait aminimum of 30jminutes after a.sensor regeneration.before continuing.

Connect the system as shown.
5s" Insert the dosimeter's large end in the 431 -X's intake and gently tighten the intake tube

nut to ensure an airtight seal.
>• Connect the Dosimeter Lead Set clips as shown, Short red lead to the rear and long

black lead to the far ead.

° Attach the power cord to the 431-X and plug it into AC power. AC power is required to
heat the dosimeter.

° Attach the Dosimeter Lead Set 25 pin connector to the respective 25 pin communications
port.

° Press the instrument's power ON button

>> Press the SAMPLE button.
£> The digital meter reading appears in 15 seconds.

^ Record the digital meter reading (include the decimal point).
>• Wait 30 seconds.
>• Press SAMPLE again and record this digital meter reading. Repeating the

heating/reading process ensures complete release of mercury from the dosimeter coil.

° Add the two digital meter readings together. The sum of the two digital meter readings is
the figure you will use in your calculations and is referred to as the meter response (MR).

NOTE: A third dosimeter desorption (pressing the SAMPLE button) should give a reading of
.005 mg/m3 or less.
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Perform the following calculation to obtain the mercury concentration in mg/m3 based on
a time weighted average; or alternately, DIP switch #2 can toe set to OFF and the
digital meter will display nanograms Hg directly (refer to diagram, page 18).

Working Formula and Units of Measure

Meter Response X Conversion Factor

Pump How Rafle X Sampling Time
= SampJe Concentration

Where:

Meter Response

Conversion Factor

Pump flow rate

Sampling time

Sample
concentration

= Total of the two digital meter readings in mg/m3

= 87.5 ng/mg/m3 (a constant which changes the meter response to
nanograms of Hg)

= 2.0cc per minute (calibrated value of the supplied Sipin Pump)

= Duration of the sample in minutes

= In ng/cc mg/m3

EXAMPLE: To calculate a time weighted average during an 8 hour period:

Meter response = 0.600 mg/m3 (sum of the two meter response readings)

Conversion factor = 87.5 ng/mg/m3 (constant)

Pump flow rate = 2 cc/min

Sampling time = 8 hours (480 min)

5> Convert the meter response (the total of the two digital meter readings) to
nanograms of mercury.
> 0.600 x 87.5 = 52.5 nanograms of Hg _ _

>• Determine the total volume of air sampled.
3> 2 cc/min x 60 min/hr x 8 hr = 960 cc

52.5 ng
= 0.055 ng/cc of Hg = 0.055 mg/m 3 of Hg

960 cc

>• Determine the Hg concentration (time weighted average) of the dosimeter.

Check the sensor status after each dosimeter analysis.

IMPORTANT:
Perform a semsor regeneration as soou as ttae meter display shows "—" (four bars) which

shows 75-100% sensor saturation to prevent the loss of a sample.
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Seal the dosimeter with caps after analysis to prevent mercury contamination during
storage.

If your readings exceed 75 nanograms or more, try the recommendations described next
or call AZI Customer Service at 800-528-74 1 1 or 602-470- 1 4 1 4 for assistance.

O.4 Ndpmi-SiLfflimdlgiirdl Fflow Mates amdl Munftkum Mdtdnafles _

You may use a pump with a flow rate up to 50 or 60 cc/min, but be aware that there are certain
limitations. If your pump flow rate exceeds 2 cc/min and your average dosimeter analysis
produces nanogram levels of 75 or more, it may be easy to collect more mercury beyond the
linear range of the 43 1 -X sensor. You thus risk over ranging your instrument and losing your
collection data. Higher flow rates may also impair the capture efficiency of the dosimeter.

We recommend that you drop your flow rate or use a dilution module* (AZI P/N Z2600-391 1 ).
Lowering the flow rate to decrease the sample volume provides the greatest accuracy. Using a
dilution module introduces an additional 15% inaccuracy to your analysis. As an alternative to
the dilution module, sample for shorter time periods.

Specnflcaftnounis

Accuracy +/- 1 5% ofl 0: 1 ratio

Low 0.7 mg/m3 Hg
High 5.0 mg/m3 Hg

Housing Nylon
Dimensions 1" wx 2.7" I x 3 " h
Weight 3.3 02

The dilution module is factory set to a 10:1 ratio. The mass of mercury entering the dilution
module is reduced by 90%, leaving a 10% (X10 dilution) concentration to be introduced into the
Jerome 431-X. since this ratio can change slightly with use, it is important to occasionally
determine the current dilution module ratio to ensure accurate results. For normal applications a
X8 to XI 2 ratio is recommended. The 431-X Functional Test Kit contains all accessories ~" "
necessary to determine the current dilution module ratio.

Call Customer Service at 800-528-741 1 or 602-470-1414 if you have questions about flow rates
or app ilications.

dilution module contains Resisorb™, mercury vapor adsorbent. For safety information, see
the supplier's Material Safety Data Sheets (MSDS) or call AZI Customer Service at 1-800-528-
741 1 or 1-602-470-1414 for assistance in obtaining the MSDS.
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O.5 Dilutions Module Ratio Check

NOTE: Wait a minimum of 30 minutes after a sensor regeneration before starting this
procedure.

Direct 431-X Readings: =_=_==_=___

0 Connect the instrument, septum holder assembly and zero air filter, with arrow pointing
to the instrument, as shown below.

0 Press the Jerome 431 -X power ON button.

Inject 1 cc of mercury saturated vapor into the ^ptum, according to the Syringe
Technique described on page 32 (431-X Functional Test, Appendix A).

° Make 3 additional 1 cc injections and record the digital meter readings (include the
decimal points).

0 Average the results of the last 3 injections.

0 Remove the septum assembly and zero air filter from the instrument.

Perform the above test, however attach the dosimeter, septum holder assembly and zero air filter
to the sampling pump that will be used. (See diagram.) Collection efficiencies should be

approximately 100% up to 60 cc/min. If high flow rates are used, the final calculation should
include this collection efficiency correction factor.
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Loading ttlhe Dosimeter

Connect your pump, dosimeter, septum holder assembly and zero air filter together with
1/8" an d 3/16" Tygon™ tubing as shown below.

° Twn on tine pump.

° Inject 10 cc's of Hg into the septum, 1 cc at a time.
^ A total often, Ice injections, one after another.

° Wait 30 seconds after the last injection then turn off the pump.

° Remove the dosimeter, septum assembly and zero air filter from the pump.

° Connect the instrument, dilution module, dosimeter, zero air filter and dosimeter lead set
as shown below. °- -=-
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Attach the power cord to the 431 -X and plug it into AC power.
>- AC power is required to heat the dosimeter.
Press the Jerome 431 -X Power ON button and then press the SAMPLE button.
>• The digital meter reading appears in approximately 15 seconds.

° Record the digital meter reading (include decimal point). Wait 60 seconds, then press
SAMPLE again and record this reading.

° Repeating the heating process ensures complete release of mercury from the dosimeter
coil.

0 Add the two digital meter readings together.
^ The sum of the two digital meter readings is the figure you will use in your

calculations and is referred to as the meter response (MR).

° Repeat this procedure two more times.

° Average the three meter responses you obtained in this section.

Module Ratio-Cakaiiatiioms

° Multiply the average obtained for BJj-ecfl 4131-X Readings by 10 (the number of 1 cc
injections).
>* Divide this result by the average obtained in the section "Loading the Dosimeter" on

page 42.

° Use the result as the dilution module ratio in your dosimeter analysis.

EXAMPLE:

Direct 431-X readings

0.102 mg/m3 ~ ~"
0.103 mg/m3

0.104 mg/m3

0.103 mg/m3 average

Loading the dosimeter

0.120 mg/m3

0.113 mg/m3

0.100 mg/m3

0.111 mg/m3

Step 1 (above)
0.103 mg/m3 x 10 = 1.030 mg/m3
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Step 2 (above)
(1.030 mg/m3) / (0.111 mg/m3 = 9.4

Dilution module ratio 9.4:1

NOTE: For normal applications a X8 to XI2 ratio is recommended. If your ratio is not
within this range, call Customer Service at 800-528-7411 for assistance.

NOTE: Wait a minimum of 30 minutes after a sensor regeneration before starting this
procedure.

° Connect the system as shown in the figure below.

° Attach the power cord to the 431 -X and plug it into
AC power.

AC power is required to heat the dosimeter.

° Press the Jerome 431 -X power ON button and then press SAMPLE button. The digital
meter reading appears in 12 seconds.

° Record the digital meter reading (include the decimal point). Wait 30 seconds, thezLpses
SAMPLE button again and record this reading.
>• Repeating the heating process ensures complete release of mercury from the

dosimeter coil.

° Add the two digital meter readings together.
>- The sum of the two digital meter readings is the figure you will use in your

calculations and is referred to as the meter response.

The following calculations will provide the mercury concentration in mg/m3 based on a
time weighted average.

Dilution Module Ratio
(Meter Response convened to nanograms (Ng) of mercury) X = Sample Concentration

Sample Volume



Alternately, DIP switch #2 can be set to OFF and the digital meter will display nanograms
Hg directly.

conversion factor, a constant which changes the meter response
§7.Sng/mg/m to nanograms of Hg

' '"7 • **-• •% • - ~"^ : •'• w

^^

OVT , i , x pump flow rate (in cc/min) multiplied by sample time (m
§V (sample volume) • * \v r minutes)

•. -•£. ',..;* . . ' • '"• . • ..j'.'vi •^.^;":ri<.-::iiV-';^^j;*i:^-:T'f.>:i:v 'rv^TV'-'" "" ''' • :' •"" "r~7~;"v r̂';:. :

i^ •:>fi,^'-'-. - '• ' • • ''":<• S': '•-.•*•"*'?

EXAMPLE:
Assume the following values.

Meter Response (MR) 0.600 mg/m3 (sum of the two meter response readings)

Conversion Factor 87.5 ng/mg/m3 (constant)

Dilution Module Rate 9.4
Pump Flow Rate 2 cc/min

Sampling time 8 hours = 480 min

Sample volume 2 cc/min X 480 min = 960cc

A time weighted average during an 8 hour period is calculated by:

(0.600mg / ms) x (87.5ng / mg I m)

960cc ~ ng

5s* Convert the meter response (the total of the two digital meter readings) to nanograms
of mercury.
2> The MR (0.600) multiplied by the conversion factor (87.5) equals nanograms of

mercury — —
> 0.600 x 87.5 = 52.5 nanograms of Hg

>• Determine the actual mass of Hg collected by the dosimeter.
J> Nanograms of mercury multiplied by the dilution module ratio.
2> 52.5 nanograms x 9.4 = 493.5 nanograms

^ Determine the total volume of air sampled.
2> The pump flow rate multiplied by 60 min/hr multiplied by 8 hours;
> 2 cc/min x 60 min/hr x 8 hr = 960 cc

5> Determine the Hg concentration (time weighted average) of the dosimeter.
y> The mass of Hg collected by the dosimeter divided by the total volume of air

sampled.
> 493.5 nanograms divided by 960 cc = 0.0514 ng/cc of Hg = 0.0514 mg/m3 of Hg
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Check the sensor status after each dosimeter analysis.

Seal the dosimeter with tubing after analysis to prevent excessive mercury contamination
during storage.

IMPORTANT:
seinsor regeeeradioini as sooiro as tfBie meter display

fto pn-evemft ftlhe Boss off sammpfle.

Dosimeter Reference Chart 431 -X

Expected concentration, related to sample volume and meter response

i = Indicates the optimum meter response for that concentration with the corresponding volume

43I-X Meter Respomce

Air en

0.5

0.1

0.05

0.025

0.005

0.001

HL
.,__^7^' -^vV ~;.

1
~*T

0,069

0.014

0.003

HL

0.549

0.274

^—i:-" J
0.027

0.005

HL

HL

0.549

0.274
; „ •" >-i'- .-. f^

0.011 |;|f

HL

HL

HL

HL

0.823

HL

HL

HL

HL

HL

0.329

240 480 960 14,400 28,800

(.001 micrograms/m3 = 1 nanogram/m3)

L. = Indicates the optimum meter response for that concentration with the corresponding

grams/m3

0.5

0.05

0.01

0.005

0.0005

'"•{*<• -i^/Vat

0.025

0.005

0.002

0.000

43,200

0.494

0.049

0.010

0.005

0.000

86,400

43I-X mete

0.823 HL

[isiif •.;.,
0.016

0.008

0.001

144,000

0.274

0.055

0.027

0.003

480,000

HL

0.823

0.082

0.008

1,440,000

HL

HL

0.329

K'fi '-'-i. •• .c^.*_.'>-iri>r-r--i,i

0.016

2,880,000

HL

HL

0.494

j 0.247

4,320,000
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if)
Relation

Flow Rate
in

cc/minute

ship of flow ra

1000

100

60

20

10

2

te and (time to tota! sample volume
Total volume collected in cc

60,000

6,000

3,600

1,200

600

120

120,000

12,000

7,200

2,400

1,200

240

240,000

24,000

14,400

4,800

2,400

480

480,000

48,000

28,800

9,600

4,800

960

720,000
72,000

43,200

14,400

7,200

1,440

1,440,000

144,000

86,400
28,800

14,400

2,880

2,880,000

288,000

172,800

57,600

28,800

5,760

4,320,000

432,000

259,200

86,400

43,200

8,640

1 2 4 8 12 24
Hours of Sample Collection

Use this formula for calculating the concentration of mercury in air:

72

Meter ResponceX 87.5 _ A A. , ,
-£-.—5-:—r?;—!-T—= TT^P—= Concentration (mg / m
Flow Rate of Sampling Pump X Time v *
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14 APPENDIX C - INTERNAL PIP SWITCH SETTINGS

Main circuit board RED DIP switches (SW2)

This is the red DIP switch box located at the
top, center of the instrument's main circuit
board.

The 431-X provides regulated film heat at
both 50 Hz and 60 Hz line frequencies. This
also provides two ranges of preset but
unregulated film heat (100-120/200-240 volt
and 110-130/220-260 volt ranges). The two ranges are available to reduce the effects of chronic
low or high line voltage.

Note: The ranges are doubled when the AC line selector switch is set to the 220V position. The
DIP switch positions 1 and 6 must be properly set.

DIP1

OFF

OFF

ON

ON

PIP

OFF

ON

OFF

ON

60 Hz regulated film heat (1 00- 130/200-260VAC)

50 Hz regulated film heat (1 02-1 30/205-260 VAC)

50/60 Hz preset film heat (110-1 30/220-260 VAC)

50/60 Hz preset film heat (100- 120/200-240 VAC)

Regulated film heat should normally be used (DIP 1 OFF) except in the few cases where
extremely dirty line voltage conditions may exist. These conditions might be found where large
motors are being controlled or other situations may exist where the voltage may vary outside the
100-130 VAC range with regularity. In those cases the two preset heat ranges will allow some
degree of satisfactory operation.

SwnUdh

2

3
ON

ON

OFF

ON

ON

Action

Nanograms mode

Displays relative (not true)voltage during regen (0-255)

Display L-O-H when "zero" button pressed

Display 00-99 when "zero" button pressed

Locks into 0-10mg/m3 range (survey mode)
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IS APPENDIX P - OPTION BOARD

15.1 Bap Switch Settings

This is the six position DIP switch located on the Option Board, the small board mounted near
the center of the main board.

of blue DIP switch functions:

Switch

1 Regeneration enable and time

2 Regeneration enable and time

3 Auto sample enable

4 Auto sample time

5 Auto sample time

6 DC power mode enabled (when ON and regeneration is started, this closes
the relay on the data logger interface board to switch the inverter ON.

Timed Sensor Regemersitiioini (Timed regeneration attempted one hour after start, then at
interval.)

Swittcto #1 Switch #2

OFF

ON

OFF

ON

OFF

OFF

ON

ON

OFF

6 Hours

24 Hours

72 Hours

Auto Samplimg (Without JCI or data logger attached)

Switch #3 Switch #4 Switch #5

ON ON ON No automatic sampling

OFF ON ON 5 minutes

OFF OFF ON 15 minutes

OFF ON OFF 30 minutes

OFF OFF OFF 1 hour

NOTE: Switch instrument power off before changing DIP switch settings.
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15.2 Imsftirmimeinift ZenoEimg

The Jerome 43 1 -X has essentially three zeros:
5s- The instrument automatically rezeroes between samples and each sample is a unique

reading. To take a sample, simply press the SAMPLE button.
^* The zero on the membrane switch is used to re-establish a baseline between the

reference and sensor gold film after a sensor regeneration. This zero is manually
adjusted by pressing the ZERO button and turning the potentiometer on the top of the
instrument until the display reads 0. Adljuastt orally after serasoir regeEKerattnoim; it is
normal for H to be displayed after sampling.

>• The 43 1 -X option board provides an auto zero feature that is invisible to the user. In
some cases, the instrument does not resume sampling after a regeneration. At that
time .L.L.L appears on the display when the ZERO button is pressed and the error
message "manual bridge adjust needed" will be added to the notes column of the JCI
text file if the JCI software is used. If this problem persists, it may be necessary to re-
set the auto zero.

When necessary to re-adjust the auto zero point:

2s* Turn the instrument off.
^ Note original DIP switch settings.
>- Turn DIP switch 4 on red DP box to ON.
2> Set the switches on the option board's blue DIP box to 1,2,6 OFF; 3,4,5 ON.
^* Turn the instrument ON.
>• Switch option board DIP #1 OFF and ON three times, leaving it ON.
^ While pressing the ZERO button, turn the potentiometer on the option board until the

numbers increase (maximum of 20). Note the display will flicker one digit.
^ Return all switches to original position.

NOTE: The higher the auto zero number, the lower the capacity of the sensor and the more
sensor regenerations are needed.

15o3 Amtomaftk

° The auto-regeneration should take place at the pre-configured time, with these
exceptions:

° The instrument will always attempt a regeneration one hour after the SAMPLE button is
pressed. The auto-regeneration will take place at the specified interval after that initial
hour (for example, at hour 7,13, 19, etc, if programmed for 6 hour auto-regeneration).

The instrument may NOT always perform the regeneration. The circuit forces the
instrument towards 100% saturation to initiate the regeneration. If the sensor has not seen
much mercury, the instrument will not auto-saturate. In this case, a regeneration will not
take place. The instrument will always regenerate whenever the sensor is saturated.
There should be no significant loss in sensitivity when a sensor auto-regeneration does
not occur for 2-3 days.
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Test this feature by initiating an auto-regeneration by turning the instrument ON and
switching the daughter board's blue DIP switch #2 OFF and ON. If the line cord is
plugged in, do not interrupt this regeneration cycle.

15.4 PC Power Mode Enable

15.5 Instruments with the 431-X option board modification can be used with any +12 VDC
source for continuous operation, if the AZI DC-AC Power Inverter Kit, part number
Y031-0902, is installed.

15.6 The instrument requires 115 volts AC for regeneration. To preserve the life of the DC
power source, the DC-AC inverter will switch on automatically for the regeneration only.
The external switch on the inverter should always be OFF to preserve battery life during
normal sampling.

15.7 When the instrument starts a regeneration and when DIP Switch #6 is ON, the instrument
sends a signal to close the relay on the 431-X data logger interface board mounted
between the data logger and the instrument. This switches the inverter ON using the
inverter's internal switch.

NOTE: When this mode is enabled, the instrument does NOT check for 115 VAC for the
regeneration. If there is no AC power to the instrument, and a regeneration is
initiated, the instrument will flash .H.H.H (rather than .P.P.P), however the sensor
will not heat, nor will the sensor clean.
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U WARRANTY

Seller warrants to buyer that products delivered pursuant to this Agreement shall, at the time of delivery,
and for a period of one (1) year thereafter (the Internal Battery Pack, where applicable, is warranteed for
a period of ninety [90] days only), be free from defects in material or workmanship and shall conform to
seller's specifications or such other specifications as seller has agreed to in writing. Seller's obligations
with respect to claims under this warranty shall be limited, at seller's option, either to the replacement of
defective or non-conforming product or to an appropriate credit for the purchase price thereof subject to
the provisions of seller's Warranty Policy as amended from time to time, said Policy being incorporated
herein by reference.

Return products under warranty claims will be shipped to seller's plant by buyer at buyer's expense and
shall be accompanied by a statement of the reason for the return and an approved Return Material
Authorization Number issued by seller. Buyer remains responsible for payment for products not
accepted for warranty adjustment and freight and handling costs associated therewith.

Notwithstanding the foregoing, no warranty shall be enforceable in the event that product has been
subjected to environmental or stress testing by buyer or any third party without written approval of seller
prior to such testing. Further, no warranty shall be enforceable if the alleged defect is found to have
occurred as a result of misuse, neglect, improper installation, repair, alteration, accident, or improper
return handling procedure by buyer.

Discontinued product is warrantied only for a credit or replacement at seller's option.

THE EXPRESS WARRANTIES GRANTED ABOVE SHALL EXTEND DIRECTLY TO BUYER
AND NOT TO BUYER'S CUSTOMERS, AGENTS, OR REPRESENTATIVES AND, EXCEPT FOR
WARRANTY OF TITLE, IS IN LIEU OF ALL OTHER WARRANTIES, WHETHER EXPRESSED OR
IMPLIED, INCLUDING ANY IMPLIED WARRANTIES OF FITNESS FOR A PARTICULAR
PURPOSE AND MERCHANTABILITY, SUCH OTHER WARRANTIES BEING SPECIFICALLY
DISCLAIMED BY SELLER. IN NO EVENT SHALL EITHER PARTY'S LIABILITY FOR ANY
BREACH OR ALLEGED BREACH OF THIS AGREEMENT EXCEED THE TOTAL EXTENDED
PRICE OR PRICES SHOWN ON UNFILLED ORDERS, NOR SHALL EITHER PARTY BE LIABLE
FOR ANY SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES RESULTING FROM
BREACH OR ALLEGED BREACH.

Notwithstanding the foregoing, if any product covered by order(s) placed hereunder is designated as. ^
"developmental" "prototype" or "experimental," no warranty whatsoever except a warranty of title to
component materials, will be applicable thereto and buyer shall indemnify seller for any claims for
liability asserted seller in connection therewith.

Medical Applications: Seller's products are not designed for use in medical appliances, devices or
systems where malfunction of buyer's product can result in personal injury. Buyer's customers using or
selling buyer's products for use in medical applications do so at their own risk and agree to fully
indemnify buyer.

The foregoing state the entire liability of seller in connection with products supplied hereunder.
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Jerome Instrument, Arizona Instrument, AZI and the stylized AZI are all registered trademarks of
Arizona Instrument LLC.

Copyright 1990-2000, Arizona Instrument LLC. All Rights Reserved.

Mallcosorb™ is a registered trademark of Mallinckrodt.
Resisorb™ is a registered trademark of J.T. Baker Chemical Company
Tygon™ is a registered trademark of Norton.

Arnzoia
Jerome 431-X Mercery Vapor Analyzer OperalDora Manual
Partt Number SS-086
Revision ID)
September, 2d)@©

If you have any questions regarding the operation of this instrument, please call our toll free
number from the United States and Canada 800-528-741 1. Internationally, call (602) 470-1414
or fax (480) 804-0656.

Arizona Instrument LLC
1219 West 4th Street
Tempe,AZ 85281 USA
http://www.azic.com
e-mail:
AZI Sales, sales@azic.com
Customer Service, support@azic.com __ _
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